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typically includes iDterface and proecuiDl circuitry for contiDue the call by I'OUIinI the call throqh another
providinl sYltem Control to tbe eell-sites. Controller 10 eell-lite.
also contrail the rOuUnl of telephone calls from the With ....... to cell...... telephone Iystems. lbe Fed-
public switched telephone oetwork (PSTN) to the apo eraJ Com1uniIaDcms CoIuunaoa (FCC) ... a1loc:ated
propriate ceil-site for trusmillion to the appropriate 5 a tot&I of 2J MHz for mobile-to-eeillinb aDd 25 MHz
mobile unit. controller 10 also controls the routing of for cell-to-mobile liDks. The FCC has divided the aJJo-
calls fromt he mobile units. via at least one cell-site. to cation eque,Uy between twO service providen. one of
the PSTN. Controller 10 may cormee:t calls between which is the wireJiDe tetephcme company for tbe service
mobile users via the appropriate ce1I-sites since the ma- area and me odIer cllOIeD by Icmery. Because of the
bile units do not typically communicate directly with 10 order in wtlicb allocaDaaI were made. tbe 12.5 MHz
one another. alloc:a&ed to Melt carrier far.ch direction of the link is

Controller.'O may be coupled to the cell-sites by funher lubdivided into tWO sub-buds; For the wireline
various ..... such as dedica&ed telephoae lines. optical carrien, the sab-bands are each 10 MHz and 2.5 MHz
fiber links or microwave communication links. In FIG. wide. For the non-wireline carrien. tbe sub-bancls are
1. two such e.umpJary celHites 12 aDd 14 including. 15 each I I .MHz and 1.5 MHz wide. Thus. a sipal band-
alonl with mobile units 16 and I' each including a width of lea than 1.5 MHz c:ouId be fit into lily of the
celhalar eeiephone are illustrated. Cell-lites 12 and 14 as sub-baDds, wllile a bandwidth of less than 2.5 MHz
discussed herein and illustrated in the drawings are could be fit into aU but one lub-band.
considered to service an enUre cell. However it should To preserve muimum f1uibility in allocating the
be understood thai the cell· may be JeOIraPhicaily di- 20 COMA teChnique to the awiJabie cellular frequency
vided into seccors with each sector treated as a different spectrum. the waveform utilized in the etlluiar tele-
coverage area. Accordin,ly. bandoffs are made be- phone system should be leu tban 1.5 MHz in band-
Iween sectors of a same cell as is described herein for width. A load second choice would be a bandwidth of
multiple cells. while diversity may also be achieved ,~ about 2.5 MHz. allowin, full neltibility to the wireline
between secton as is for cells. .- cellular carriers and nearly full nexibility to non-wire-

In FlO. I. arrowed lines 2Olr..2Ob and 220-22b respec- line cellular carriers. While usinl a wider bandwidth
tively define the possible communication links between has the IdYmtale of offerinJ incrased multipath dis-
cell-site J1 and mobile unit 16 and II. Similarly, ar- crimination.dilldv.." .... esiM ia the form of higher
rowed lines 14cJ-J4h and 2Id-Z6b respectively define 30 equipmentcOltland lower fluibility in frequency as-
the posSible communication links between cell-site 14 signment within the allocated bandwidth.
and mobile units 16 and I'. Cell-sites 12 and 14 nomi- In a spread $pectrUm ceUular telephone s)'..-m. such
nally transmll using equal power. as iIIustrated.in ao. I. the preferred waveform design

The cell-site service areas or cells are designed in implemented iDvolves a direct sequence pseudonoise
geographic shapes such that the mobile unIt will nor- 35 spread spectl'1MlJ.. carrier. Tbe chip rate of tbe PN se-
mally be closest to one cell-site. and within one cell quence it cholO to be I.ml MHz in tbe preferred
sector should the cell be divided into sectors. When the embodiment. This pani~ cJUp rate is chosen so that
mobile unit is idle. i.e. no calls in Prolress. the mobile the resultina ....widtb. about 1.2J MHz after filtering.
unit constantly monitors thepiJot Sipal transmissions is appro.....tely o.-tOth of tbe total bandwidth alia-
from each nearby ceil-site. and if applicable from a 40 cated to one ceUuIar.service carrier.
sinale cell-Site in which the cell is sectorized. As iIIus- Anotber con.idcntioa Ita the choice of tbe exact chip
trated ift FIG. 1. the pilOt Sipals are respectively trans- rate is tbat it is4esinble thattbe chip rate be euetly
mined to mobile unit 16 by cell-sites 12 and 14 upon divisible by the bII..... _.fIleI to ~ .. used in the
outbound or forward communication links lOa and 26Q. system. 11 is._ clellrab1e (or the cijvilor to be a po"'er
Mobile unit 16 can determine which cell it is in by com- 45 of two. lD the.preCeried ClDbodimea&. the bueblnd data
parinl Sipal.strenlth in pilot Sipall transmitted from rate ts 9600 bits per second.leadiaI to a choice of 1.2288
cell-Sites 12 and 14. MHz. 111 tilDes 960Q for tbe PN chip ~e.

In the elUlllJple illUStrated iD FIO. 1. mobile unit 16 In tbe ceIloCO-llOlM,le ... the biury ........ used
may be consid.ered closest to cell-site 12. When mobiJe for spreadiq ..... spec~ an~ from two
unll. 16 initiates a call. a control _.e is uansmitted so different types of seqlllllClll, eIda willa diff.... proper-
to the nearest eell-sire, ceU-site 12. eeu-site 12 upon lies to~ ' fuactioaI,. nen is an outer
receiviJW taa..cUl request 1IHIIIIIe, trIaIfen the called code that by Ill ia a CIII or -=cor that
number to S)'Item controJler 10. System conuoller 10 is used to~ muItiIaIda ...... The
then connects the call tbroulh the PSTN to the in- outer CQIIe a _ .,..,.. sipals
tended recipient. " tra_inIcI.Iw or JO cbe mobile

Sboukla call. be initiated witbiD the PSTN. controller uaits. l"IaeIaa ClOde dIM ,10 dilcrimi-
10 traDlCniu the call iaformation to all the ce1IoSites in Dlte betVt-_ ~ by lICtor or
the area. Tbe cieJl·sitCI inrelUl'Il U'IIIIIDi'a papal mes- cell.
SIIe witbiD elCbr~v. coverap area that is in- ne C*riIr _YefCnI ia cbe pnfemd em-
tended Cor tbe .caJled recipient mobile .... WIlen the 60~ * _ceIHite· , ...... iii Mlizes a
iDt'" reci~tm.... uait bean the PIP messaae. it sinusoidal carrier that IS quadnpIIIIe (foar ) mod-
respoacla .. with a control _. that is U'UISIIIitted to u1ated _y a..of....,.IN *' provide the
the .-rest CJlI-site. This conlfol m.sqe sipals the outer code uu.itteea·a, .-or or cell. The
system colluQ11er that this panK:uJar eeI"te is in com- seqleDOllln .., two dimIrat PN IJlllerltors
munication with the mobile wt. Ccmtroller 10 then 65 of me eace One phue
routes the call throu.h this eell-site to tbe mobiJe unit. modula&ls tbe in cbaael (I 01 0 of the car·
Should mobile unit 16 move out of the coverale area of rier and the otber ...,...ce bi-pbue modulates the
the initial cell-site. cell-site 12. an attempt is made to quadrature phue (Q ChuuIel) ofthe carrier. The result·
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ing signals arc summed to form a composite four·phase care in usignment of pilot offsets. It should never be
carrier. necessary for ncar neighborin, cells to use near neigh·

Althoup the values of. logical "zero" and a logical bon"g time otTsets.
"one" are conventionally used to represent thc binary AU signals transmined by • cell or one of the seeton
sequences. the sipaJ voltages used in the modulation S of the cell share the same outer PN codes for the land
process are + V volts for. 10p:aJ "onc" and - V volts Q channels. The signals are also spracl witb an inner
f?r • logical "zero". To bi·phase ~oduI~te.• sinusoi~ onhogonaJ code pnenced by _. Walsh functions. A
slp.l•• zero volt averale value smusoid IS multiplied signal addressed to • panic.lar UIeI' is multiltJied by the
br the + V or - V.voltale I~ve~ as ~n~rolled by the outer PN sequences ad by • panicuJar Walsh see
~nary sequences UIlng • mul.h~lter Cltcwt..The result· 10 quence. or sequence of Walsh sequences. _ped by
tng Apal m.y then~ band lunlt~ by PU5lDg through the system controller for the duration of the user's tele.
a bandpus rdter. It IS also mown m the an to lowpass ;. .
flIter the binary sequence stream prior to multiplyin, by phone call. The same.um~r code ISap~ t~ bo~h the I
the sinusoidal sipaJ. thereby interchanging the order of ~dQc~nels resulhD~ m • moduiahOll which IS etTec·
the operations. A quldnplwe modulator consists of 15 hvel~ bl-phase for~ mner code.
two bj.phase moduI.ton each driven by a ditTerent . It IS well known In the an that • set of northo,onaJ
sequence and with the sinusoidal sign.ls used in the bInary sequences. each of~~h n. for n ay ~wer .of
bi.phase modulaton h.ving a 90" phase shift thcrebe. 2 can be constructed, 1ft Di,.,al CommllfticaflOru wuh
tween. Space Applications. S. W. Golomb et al., Prentice·Hall,

In the preferred embodiment, the sequence length for 20 Inc. 1964, pp. 45-64. In fact, onhoaonaJ binary see
the transmined sipaJ carrier is chosen to be 32.768 quence sets are also known for IftOItlenlths which are
chips. Sequences of this length can be generated by a multiples of four and less than two hundred. One class
modified maximal·length linear sequence senerator by of such sequences that is easy to ,enerate is called the
adding a zero bit to a Jen.th 32.767 chip sequence. The Walsh function. also known as Hadamard matrices.
resulting sequence has ,cod cross-eorrelation and auto· 2~ A Walsh function of order n can be dcfined recur·
correlation properties. Good cross-eorrelation and au· sively as follows:
tacorrelauon propenies are necessary to prevent mu·
tualinterference between pilot carriers transmuted by
different cells.

A sequence this shon in length is desirable in order to 30
minimize acquisition time of the mobile unlls when thcy
tint enter the system without knowledge of system
timin,. With unknown timin" thc entire length of the
sequence must be searched to determine the correct
umin,. The lonler the sequence, the longer lime the 3~

acquisition search will require. Although sequences
shoner than 32.761 could be used. it must be undentood
that as sequence length is reduced. the code processing
gain is reduces. Asproc:essinl,ain is reduced. thc rejec·
tion of muhipath interference along with interferencc 40
from adjacent cells and other sources will also be reo
duced. perhaps to unacceptable levels. Thus. therc is a
desire to use the lonant sequence that can be acquired
in a reasonable time. It is also desIrable to use the same
code polynomials in III cells so that the mobile unll. not 4~ W(8) is as follows:
Itnowiftl what cell it is mwhen initially acquiring syn·
chronization. can obtain full synchronization by search·
ing a sin.1e code polynomial.

In order to simplify the sYnchronization process. all
the cells in the system are synchronized to each other. 50
In the eumplaryembodiment. ceD synchronization is
acc:ompIished by synchroaizina all the cells to a com·
mon time nfereilCe, the Nlvstar Global Positioning
System .reDite naviption system which is itself syn·
cbl'Oldad toV~ Coordinated Time (UTe). 55

SipaIs f'nmI dilferat cells are differentiated by pro·
vidUI. time ofrltts of tile basic sequences. Each cell is .
assiped I cWrerent time otrset of the basic sequences ~ Walsh ~uence IS one of.the rows of I Walsh !unc.
differlal from iu .....bon. In the preferred embodi. non mattIX. A Walsh fwIc~ of order n concams n
rnene,the 32.768 repetition period is divided into a set of 60 sequences, each of lenath n bits.
512 tiInin, otTsets. The 512 ofl'sets are spaced 64 chips A Walsh function of order n (as well as other ortho,·
apart. Each sectOr of each cell in a cellular system is onaI fUDClions) has the propeny that over the incerval of
also -Ifttld I di«ereat one of the offsets to use for III n code symbols. the crou-eorreJadoD between aU the
its tl'lllllllislion I( there are more than 512 seetors or different sequenca within the set is zero, provided that
ceUs in theI'" thea the Omets can be reusecl in the 65 the sequences are time aliped with each other. This can
same maDner as frequencies are reused in the present be seen by notinl that every sequeace differs from
anl10l FMcellular system. In other designs. a ditTerent every other sequence in esactly half of its bits. It should
number than 512 offsets could be used. With reasonable also be noted that there is alWlYS one sequnce CODtain·
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transmitted in the data block. The positions of the on·
times of the transmitter is varied pseudo-randomly In
accordance with the mobile use(s addressed user code.

11
ina all zeroes and that all the other sequences contain
half ones and half zeroes.

Neighboring cells and sectors can reuse the Walsh
sequences because the OUler PN codes used in neighbor·
Ina cells and sectors are distincl. Becluse of the differ. S CELL·TO-MOBILE LINK
ina propagation times (()r sipaJs betWeen a panicular In the preferred e~ent. the Walsh function size
mobile's location and twO or more different cells. it is n. is set equal to sixty.four (n -64) for the cell-to-mobile
not possible to satisfy the condition of time a1ipment link. ThereCore each of up te) siaty·Cour different sipals
required Cor Walsh function onholOnaJity for both cells to be tranIIDined are UIiped a uaique orthQaonal see
at one time. Thus. reliance mUll be pIKed on the outer 10 queac~ Thef~d erI'Ot correction(FEC) encoded
PN cede to provide dilcrimination between signals symbollU'ellD for eacb voice convenacion is multiplied
arrivina at the mobile unit from dift'erent cells. How- by iu _peel WaJah seq¥CDCC. The WaJah codedlFEC
ever, all the sianaJs transmiued by a ceU are onho,onal encodelll symbol stream fOf elCb voice cJaaueI is then
to each other and thus do not COIItribute interference to multiplied by the outer PN coded wavefcx'm. The resul-
each other. This eliminates the majority of the interfere 1S tant spread symbol streams are then added toaether to
ence in most locations. allowi.., a hilher capacity to be form a campolite waveform.
obtained. The mullin, composite waveform is then modulated

The system funher envisions the voice channel to be onto a IinIllOidaJ carrier, bud... filtered.. translated to
a variable rate channel whose data rate can be varied the desired operatina frequency, amplifted and radiated
from data block to data block with a miaimum of over· 20 by the amenna sY'lem. Alternate embodiments of the
head required to control the data rate in use. The use of present invention lI,Uly iaterehaqe the ord. of some of
variable data rates reduces mutual interference by elimi· the just delcribed operations for fonaioa the cell·site
nating unnecessary transmissions when there is no use· transmitted sipal. For eumple. it may be preferred to
ful speech 10 be transmitted. Algorithms are utilized multiply each voice channel by the outer PN coded
within the vocoders for generating a varying number of 2S waveform and perform tbe nIterin. optnUon prior to
bits in each vocoder block in accordance with vana· summation of all the channel Ii'" to be radiated by
tions In speechacllvit)'. During active speech. Ihe vo· the antenna. It is well known in the an that the order of
coder may produce 20 msec. data blocks containing 20, linear operatioDl may be intercban,ed to obtained vari·
40. 80. or 160 bits. depending on the activity of the ous implememation advuqps and diII'....t designs.
speaker. It i5 desired to transmit the data blocks in a 30 The waveform desip of the preferred embodiment
fhed amount· of time by varying the rate of transmis· for cellular service uses the pilot carrier approach for
sion. 11 is fun her desirable nOI to require signalling bits the cell-to-mobile link .. delcribed in U.S. Pat. No.
to inform the receIver how many bits are being trans· 4.901,307. All ccllstl'lDSlDit pUotcarriers ulina the same
milled, 32.7681eftJlb sequence, but with different timin, offsets

The blocks are funher encoded by the use of a cyclic 3S to prevent muJUaJ intederenQe.
redundancy check code (CRee) which appends to the The piloc w~yeform uses the all-zc~ Walsh .-quence,
block an additional set of parity bits which can be used i.e.• a Walsh ~uence coapUed ot a11~QCS that is
to determine whether or not the block of data has been found in all Walsh fuaction Ht$,. The UlCof all·zero
decoded correctly. eRee check codes are produced Walsh sequenee fOf all cells' pilOt carriI=n allows the
b)' dividing the data block by a predetermined binary 40 initial seaI'C.h for the pi)ot. wave£o,m lq. ipore the
polynomial. The eJtee consists of all or a ponion of Walsh functiOQ$. UDtil alter the outer ;COda PNsynchro-
the remainder bits ofthe division process. The eReC is niution Iw been obtained. The Walsh framin, is
checked in the receiver by reproducing the same reo locked to the PN code cycle by vinue of the length of
mainder and checking to see of the received remainder the Walsh frame beina a factor of tbe· PN sequence
bits are the same as the regenerated check bit5. 4S lenph. Theref~ provicle8 that tbe4»U Iddressing

In the disclosed invention. the receiving decoder offsets of the PN ..are .ultiples of$j&ly.(our chips
decodes the block as if it contains 160 bits, and then (or the Walsh r...- -alb) &hen the W,,* frumng is
again as if it contains 80 bits. etc. until all possible block DOwn impUcidy from the outer PN~ IiaIiq cycle.
lenphs have been tried. The eRee is computed for All the ceUa ia ....rviae area .......ied with accu-
each trial decodinl. Ifone of the trial decodings resulu SO rate lyacllroai",., Ja die pne..,..~t, a
in a correct CRCe. the data block is accepted and OPS receiver ....QIU.~ _local wave·
passed on to the vocoder for funher processing. If no form ... to U~venaI~.-n- (UTe).
tnal decodinl produces a valid CRCe, the received The o.-s Iysqp~ ...s~ to better
symbols are·pusect on to the system's sipal processor thaD I microsIc:owl~. ~l'JIICbroDiza-

where other processing operations can optionally be SS tioaofeen,isW"""ia....to~.,-.soffof
performed. caUs betwen ceQs~"'IDObiI._~,..oae cell to

In tbecell transmitter, the power of the transmitted aDother with • c;aIl ia ."... Utile ...,....,... ceDs
waveform is varied .. the cWa rate of tbe block is var· areI~ .the~ uait wid aoc bave dim·
ied. Tbe hipest data rate uses tbe mlbest carrier cultys~ to the DeW ceJJ tIaeNby fac:ititatin.
power. When the data rate is lower than the muimUUl, 60 a SIDC)C)Cb haDdoft'.
tbe.aqiuJator, in addition to Iowerinl the power, reo The pilot carri,r is ...... a power
peatS each encoded data symbol a number of times as level·!baD a typic;al voioe ICIIrier so to .provide
requited to achieve the desired transmission rate. For Ireater sipal,fp ~.1Ild~ .,... for this
eUJQP~ at tbe lowest~ion rate, eacb encoded sipal. ne hiper pow,!' level piIot~eaables the
synibol is repeated four times. 6S initialiPCIuisiJiQa~tobe~ "biA__ aDd to

In the ~obile transmitter. the peak power is held make posIible a very·accunIe traekin. of the carrier
CoftsWIt but the transmitter is gated off I, or ! or • of phase of the pilot carrier by a relatively wide bandwidth
the time in accotdance with the number of bits to be phase tracking circuit. The carrier phase obtained from
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Iracking the pilot carrier is used u the carner phase bile unit. The OUtput of the analol receivers are also
reference for demodulation of the carriers modulated provided to other elements used In communications
by user Information sipals. This technique allows many with other mobile units.
user carriers to share t~ common pilot signal for car- In FIG. 1. the first receiver system is comprised of
ner phase reference. For eumple. in a system transmit- ~ antenna 30. analol receiver 31. searcher receiver U and
ting a total of fifteen simultaneous voice carriers. the diiital data receiver 36. The first receiver system may
pilot carrier might be allocated a transmit power equal also include an optional diiitaJ data receiver receiver
to four voice carriers. 38. The second receiver system includes anteMa 40.

In addition to the pilot carrier. another carrier in- analol receiver 41. searcher receiver 44 and dilital data
tended to be received by all system users in the cell is 10 receiver 46.
transmitted by the cell-site..This carrier, called the syn- The ceU-site also includes cell·site control processor
chronization channel. also uses the same 32.768 length 41. Control processor 41 is coupled to data receivers 36.
PN sequence for spectrum spreading but with a differ- 38. and 46 alonl with searcher rec.eivers U and 44.
ent. pre·assigned Walsh sequence. The synchronization Control processor 41 provides amon, other fuactions.
channel transmits a bl'Oldcast Ibessale containing sys· 1~ functions such u sipal processin,: timinl sipal gener-
tem information for use by the mobiles in the system. ation; power control; and control overhandoff. diver-
The system information identifies the cell·site and the sity, diversity COIQbUUnl and system control processor
system and conveys information allowing the long PN interface with the MTSO (FIG. I). Walsh sequence
codes used for mobile information signals to be syn· assipment alonl with traasmitter and receiver assign·
chronized without ~ditional searchin,. 20 ment is also provided by control processor 41.

Another channel. called the paling channel may be Both receiver systems are coupled by data receivers
provided to transmitmessages to mobiles indicating thai 36. 38. and 46 to diversity combiner and decOder cir·
a call has arrived for them. and to respond with channel cuitry 50. Digital link 51 is coupled to receive the out-
assignments when a mobile initiates a call. put of diversity combiner and decoder circuitry 50.

Each voice carrier transmits a digital representation 2~ Diiital link 51 is also coupled to control p~r 41.
of the speech for a telephone call. The analog speech cell·site transmit modulator 54 and the MTSO digital
waveform is digitiZed usin. standard digital telephone switch. DiiitaJ link 51 is utilized to communicate signals
techniques and then compressed using a vocOding pro- to and from the MTSO (FlO. I) with ceU·site transmit
cess to a data rate of approximately 9600 bits per sec- modulator 54 and circuitry 50 under the control of
ond. This data signal is then rate r-i. constraint length 30 control processor 41.
K - Q convolutional encoded. with repetition. and inter- The mobile unit transmined sianaJs are direct se·
leaved in order to provide error detection and corree- quence spread spectrUm sipals that are modulated by a
tion functions which allow the system to operate at a PN sequence clocked at a predetermined rate. which in
much lower signal.to-noise and interference ratio. the preferred embodiment is 1.2211 MHz. This clock
Techniques for convolutional encoding. repetition and 35 rate is chosen to be an inteler multiple of the baseband
interleaving are well known in the an. data rate of 9.6 Kbps.

The resulting encoded symbols are multiplied by an Signals received on antenna 30 U'e provided to ana-
assigned Walsh sequence and then multiplied by the log receiver 32. The details of receiver 32 are further
outer PN code. This process results in a PN sequence illustrated in FlO. 3. Sipals received on afttenna 30 are
rate of 1.2288 MHz or 121 times the 9600 bps data rate. 40 provided to downconvener 100 which is COIQprised of
The resultinl-sipl is then modulated onto an RF car· RF am~ifier 102 and mixer 104. The received signals
ner and summed with the pilot and setUp earners. along are provided u an input to RF amplifttr where they are
with the other voice carriers. Summation may be ac- amplified and output to an input to mixer 104. Mixer 104
complished at several.ditrerent points in the processing is provided another Input. that beinI the output from
such as at the IF frequency. or at the baseband fre- 4~ frequency synthesizer 106. The amplified RF sianaJs are
quency either before or after multiplication by the PN translated in mixer 104 to an IF frequency by mixing
sequence. with the frequency synthesizer outpUt sipal.

Each voice carrier is also multiplied by a value that The IF sipals are thea output from mixer 104 to
sets its transmitted power relative to the power of the bandpus filter(BPF) 101. typically a SuffICe Acoustic
other voice carriers. This power control feature allows ~o Wave (SAW) filter bavial a paaband 011.25 MHz.
power to be allocated to those links that require higher wbere they are ....... filtered. The fUtered sipals
power due to tbe intended recipient being in a relatively are output &om BPP III to IF amplifter llOwilere the
unfavoring location. Means are provided for the mo- sipals are amplified. The amplifted IF sipaII are out-
biles to repon their received signal.to-noise ratio to put from IF amplifier ltO to uaIoI.to dipal (AID)
allow the power to be set at a level so u to provide S5 convener lU where dley are dipdzed at a 9.1304 MHz
adequate performance without waste. The onhogonal- clock rate which is uaetIy 1 timelI the PH chip rate.
ity property of the Walsh functions is not disturbed by Althoup (AID) convener 112 is ill1atrued as pan of
usiD, different power levels for the different voice car- receiver 32, it cou1d iDIteId be a pan of die data and
riers provided tbat time alipunem is maintained. searcher receiven. The diPiJed IF sipaIs are output

FlO. 1 illustrates in block diaanm from an exemplary 60 from (AID) convener lU .0 data receiver 36, optional
embodiment celJ-site equipment. At the cell-site. two data receiver 31 ud tearCber receiver 34. The sipals
receiver systems are utilized with each havin, a sepa- output from receiver 32 ad I and Qdwmet sipals u
rate antenna and analol receiver for space diversity discusIed later. Altbou.h as iUUItnted in FIG. 3 with
reception. In each ofthe receiver systems thesignals are AID convener lU bein, a sinl1e device, with later
processed identically until the sipals undergoes a di- 65 splitting of the I and Q chuDel sipals, it is lDvis10ned
versity combination process. The elernenu within the that channel splininlmay be done prior to digitiziDg
daslled lines correspond to elemenu corresponding to with two separate AID conveners provided for digitiz-
the communi.ations between the cell·site and one mo- ing the I and Q channels. Schemes for the RF·IF·Bue·
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band frequency downconversion and analog to di,ital PNo sequences. In tbe al~cive.a non.lin. encryp-
convenion for I and Q channels are well known in the lion paeraIC)r. sucb .. an enc:rypcor usia, the data
an. encrypUoa .......d <pE$) to aac:rypt a 64-symbol

Searcber receiver U is used to at the cell-site to scan fepreseatltion of waivenal time UIina a user specific
the time domain about the received sig~ to ensure that 5 key, may be uUlized in p1IlCC of PN paerator 124.
the associated digital data receiver 36. and data receiver The PNusequence oUlp1ll from PN paerator 124 is
31 if used, are tracking and processing tbe strongest exclusive-Oll'ed with the PN/ and PNO sequences re-
availablt time domain signal. Searcher receiver 64 pro- spective1y in exclusive-OR pta U6 and UI to provide
vides a signal to cell-site control processor 41 which the seq_ PNl and PNQ'.
provIdes control sianals to digital data receiven 36 and 10 The sequeDCleI PNl..adPNO' are provided to PN
31 for selecting the appropriate received signal for pro- QPSK cornIa&or 138 ... with the 1. and Q channel
cessing. sipals OIl'" from recei"", 32. CorreIator' 130 is is

The sipl processing in the cell-site data receiven uUlized to~ the I ud Q~ data with tbe
and searcher receiver is different in several aspects than PNl aDd PNQ'.vqueIlCIIII.1'be.~ I ad Qchan-
the signal processinl by similar elements in the mobile IS ne1 outpU1S olcorrelaaof 130 are respectively provided
unit. In the inbound. i.e. reverse or mobile-to-cell link. to ac:cuaaulalon W and 1M where I.be symbol data is
the mobile unit does not trIft$IDit I pilot sianaJ that can accumulated over a "-chip period. T1ae outputl of ICCU-

be used for coherent refereace purposes in signal pro- mulators 132 ud 1M .. provided. inputs to Fast
cessing It the ceil-site. The mobile-to-ceillink is charac- Hadamard Traas(orm (FH1') PI'OCeIIOI' 1M. FHT pro-
terized by I non-eoherent modulation and demodull- 20 cessor 141 pl'Qducea a .. of 64 c:oefBc:iaII for every 6
tion scheme usiJJ, Meary onbo,onal signallinS. symbols. Tbe 64~ are then multiplied by a

[n the Melry onhogonal signallinS process. the mo- weisbia, f~oo pIIC!fI&Id iD control processor 41.
bile unit transmitted symbols are encoded Ir. ) one of 26• The weigbtiDl fUDCtioa is linked to the demodulated
i.e. 64. different binary sequences. The set ,~. sequences sisnal stteqtb. The weipted da.. qutput from FHT
chosen are known as Walsh functions. The optimum 25 136 is provided to diversity combiner aDd decoder eir-
receive function for the Walsh function m-ary signal cuitry 50 (FIG. %) for further processing.
encoding is the FISt· Hadamard Transfonn (FHT). The second receiver systemp~ the received

Referring a,ain to FlO. %. searcber receiver 34 and sisnals iJla -.mersimilar to thu discussed with respect
digital data receiven 36 and 38. receive the signals to the rant receiver lysteIIl of FIGS. %and 3. The
output from Inalog receiver 32. In order to decode the 30 weipted 64 Iymbols outpUt from receivers 36 and 46
spread speCtrum sipa1s transmitted to the panicular are provided to diversity c:ombiner aDd decoder cir-
cell-site receiver through which the mobile unit com- cuitry 40. Circuitry 50 iIIcIuda an adder which adds the
municata. the proper PN sequences must be generated. weiabted 64 coefI"lCieati from receiver 36 to the
Funher details on the generation of tbe mobile unit weiabted 64 coefficicDtI from receiver 4:'. The resulting
signals are discussed later herein. 35 64 coefftc:ients are c:oIIlpUtId with ODe IIIQ~ in order

As illustrated in FIG. 3. receiver 36 includes two PN to determiDc __PSI ooefIicieat. The mapitude of
generaton. PN leneraton 120 and In. which generate the comparilon result. toaetha' with the ideatity or the
two different shon code PN sequences of the same lariat of the 64 coefficients. is UIed to determine a set
length. These two PN sequences are common to those of decoder weiptl and lyaabo)s fOf .... within a Viterbi
of all cell-sit. receivers and all mobile units with respect 40 al,ori\hm decoder impIaaented in circuitry 50.
to the outer code of the modulation scheme as discussed The Viterbi decoder coalMled witbiD circuitry 50 is
in funher detail later herein. PN ,eneraton 1%0 and 122 of a type capable of etee:oetin, da.. eac:oded at the mo-
thus re$pectively provide the output sequences. PNI bile unil widl a coostniDt Ieqtb K-9, and of I code
and PNO.~ PNrand PNOsequences are respectively rate r-I. Tbe Viterbi de\:oder is utilized to determine
referred to as the In-Phase (I) and Quadrature (Q) chan- 45 the most likcJy inforawioa bit IIiqUIDCC~ Periodically.
nel PN sequences. nominally 1.2$ msec. a sip quality estimate is ob-

The two PN sequences. PN/cd PNo- are generated tained and ttaDIIDiUed • a IDObile wait power adjust-
by dilTerent polynomials of dqree IS, augmented to ment CfX'IIPMd alGal with daIa to the mobile unit.
produce sequences of lenath 3%.768 rather than 32.767 Furtber~ Oft die ........ of tbiI quality
whif;:h woWd normeJly be p,oduc:ed. For eumple, the SO estimate is diIc:uutd in, ,.....deIIiI ill the copencIinl
lupaentalic)n may apptU' ill the fotDl of the addition of applicatioa ••tiaMd above. 11Iis quality estimate is
a sinale uro to the run of founea O's in a row which the avaqe Iipal-&o-DOiIe ratio over till 1.2$ msec
appears ~ne time in every ma'imal-Ieqtb Jiaen se- iIlterVal.
quenceof dqree IS. In otber words, one ltate of the Each" receiver trIlCU the ... oftbe received
PN puraIO.. ··f would be repIIIed in. the leaeration of " sipaI itis.~.'.. T1IiI islCCOlDPliIIIed. by the well
the~. nus the IDOdIIW NqueDCC contains one kDo~ ......ofCCII"NIMiaI the nceiYtld IipIl by a
run of fifteen 1'1 and ODe * of fifIeCIl <r.. llipdy early IoaIl r.1DII::& PN ... oomIa&inI the

In the. ueaJpI.,y emboclilDeat receiver 36 also in- receiVllllIipII •.wUb allilbdY local retereace PN.
chlda ~IoqcodePN.PQerItoI' 12& which pIlerltes a The difen.ce~ two~ will
PNusequeacecorrespoadiq to a PN sequence gener· 60 av.... to~ if t1IeNis 80 mar. Coaversely,
aced by the QIObiIc wait ill the mobiIe-to-eelI link. PN if there isa erroL dIeD dais dUrenat::e will inch-
generUor .,..~ be a ml'im·I.1eqth linear sequence eate the m ud lip of the error and the receiv-
pneratQr ihat pne1'Ita • user PN code thu is very er'1 timiDl is acUUllMdlClCOldiDlly.
lana. forQIIIIPIe deane 42, tUae sIUf'ted in accordance The c:eIHite funbet iDc:IudeI ...... 62 which is
with an addidoul (actor such u the mobile wait address 65 coupJed to OPS rliceiver 6t. GPS receiver processes
or user JD to provide discrilDillation amona users. Thus sipals received Oft antenu 62 from weUites in tbe
the ceU-site received signal is modulated by both the Navsw Global PoIitioainI System satellite navigation
long code PNu sequence and the shon code PNI and system so as to provide timinl signals indicative of
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liniversal Coorciinated Time (UTC). GPS receiver" uting the PNt and PNO sequences throu,bout a w,e
provides these tinun, sianals to control processor'" for number of circuill.
liming syncbronizin. at the cell-site as discussed previ. In tbe preferred embodiment, Walsh fUDCtion encode
ously. in, o( tbe cb.uaDe1 Iipals is employed as the inner code.

In FlG. 2 optional diaital data receiver 31 may be S In the ucmplary numeroiosy _ disc10lecl berein, a
included for improved performance o( the system. The total of 64 differeDt Walsh seqUeDClei are available with
structure and operation of this receiver is similar to that three of these seqlo*lces dedicaled to the pikK, sync IDd
described with reference to the data receivers 36 and 46. PIIiDI cbaaneI fuaetions. In the sync, pqin. and voice
Receiver 31 may be utilized at the cell·site to obtain cbannels, ilaput. dMa is COIIvolulioaally encoded and
additional diversity modes. This additional data reo 10 then interleaved as is ~U known in the an. Funher·
ceiver alone or in combination with additional receivers more. the convolutional encoded data is also provided
can track and receive otber possible delay paths of witb repetition before interleavial as is allO welllulown
mobile unit transmitted sipals. Optional additional in the an.
dilital data receivers such as receiver 31 provides addi- The pilot cbaMe1 contains no data modulation and is
1I0nai diversity modes which. are extremely useful in I' cbaracterized as ID unmoduJated sprad spec:uum si,·
those cell-sites which are loca~ in dense urban areas nal that all of the users of a panicular ceU-sice or sector
wbere many possibilities for multipath sisnaJs occur. use (or acquisition or traekia. purpoIes. Each cell. or if

SianaJs (rom the MTSO,are coupled to the appropri- divided into secton, eacb sector hlu unique pilot si,·
ate trans!1lit modulator via diJitallink 52 under control nal. However, ratbet thaa UIiaI dill'erent PN pneraton
of control processor .... Transmit modulator 54 under 20 for the pilot sipaIs, it is~ that a more efrJcient
control o( control processor ... spread spectrUm modu- way to genera&e dif1'erent pilot IipaIs is to use shifts in
lates the data for transmission to the intended recipient the same basic sequeDce. Utilizin. tbit tee:hDique a mo-
mobile unit. Funher details with respect to the structure bile unit sequentially searcbes the wbole sequence and
and operation of transmit modulator 54 are discussed tunes to the offset or shift thlt produces the sfrOnlest
below with reference to FlG. 4. 2S correlation. In usia. this shift of the basic sequence. the

The output of transmit modulator 54 is provided to shifts must be such that tIw: pilots in adjacent cells or
transmit power control circuitry 56 where under the secton must not iII&eri.... or CIIK:d.
control of control processor'" the transmission power The pilot sequeoc:e m\llt tbereforc be 10111 enou.b
maybe controlled. The outpu, of circuitry 56 is pro- that many different MClUtIK1eS cube pnented by shifts
vided to summer 57 where it is summed with the output 30 in the ba$ac: sequence .to support a wac number of pilot
of transmit modulator/transmit power concrol circuits sianals in the s)'StaIL Furthermore. the separation or
directed to other mobiles in the cell. The output of shifts must be lI'eal enou.h to ensure that tbere is no
summer 51 is provided to transmit power amplifier unerfereace in pilot sipaIs. AccordiDliy. in a cum-
Circuitry 51 where output to antenna 60 for radiaung to pJary embodim4at of the present invcaaioa the pilot
mobile units within the cell service area. FIG. 2 funher 3S sequence Ieqtb i$chcIen to be 215• The sequence is
illustrates pilot/control channel,eneraton and transmit ,ecaerated started by a sequeace 215-1 with an extra 0
power control circuitry 66. Circuitry 66 under control appended to the seqllCllCC when a particular scate is
of control processor generates and power controls the deteeteQ. In the eaemplary embodiment there are
pilot signal. the sync channel, and the PIlina channel chosen to be 512 different pilot sipals witb offsets in
for couplin. to circuitry 51 and output to antenna 60. 40 tbe basic sequence of64 chips. However, oIfIeu rna)' be

A block dia.ram of an exemplary C!1lbodiment of the intqer multiplel of the 64 chip offICI with a carre-
cell-site transmitter is illustrated in FlG. 4. The crans- spondin. reduction. in the number of different pilot
mltter includes a pair of PNseqJ,Jence ,enerators used in sipals.
generating the outer code. These PN generators gener- In ,eDeratin.the pilot sipaJ, the WaIsb "zero" (\\'0)
ale two different PN sequences. i.e. the PNt and PNQ ., sequence whicb coasiIts ofaU MrOeI is used 10 as to not
sequences. as was discussed with reference to FIG. 3. modulate the pilot sipaI, whicb in esseace is the PNt
However. these PNt and PNO sequences are delayed in and PNOsequences. The WaIsb "zero" (Wo) sequence is
time according to the sector or cell address. therefore muitipJied by the PNI ud.PNO.equences in

In FIG. 4. the transmitter circuitry o( FIG. 3 is ilJus- eaclusive-OR p&eL The resultial pilot sipal thus con-
trated in funhcr detail with the pilot. sync, paJinl and 50 tains oaIy the PH, and PNo~ With aU cell·
voice channel sipals. Tbe trIDIIaitter c:irc:uitry includes sites ud seeton ..viD. the .... PN .eqUeDCe (or tbe
two PN pneralon, PN aenent0l11H and 191. which pilot sipaI. the dittinpiebia. fCllUle betw-. celJ-sites
generate the PN/lDd PNo sequences. PN leDeraton or seeton ofonpne_ of the u-vnilfion is. the phase
1M and 191 are respolllive to ID ~put sipaJ corre- of the .eqUIDCL
spondinl to • sector or cell address Ii....1 (rom the S5 With nIpOCt to thepanioaaftr.-it IDOdqlator and
control proc:euor 10 U to provide a predetermined time power CODuoi cin:uiIry " for the pilat c:baDeI, Walsh
delay to the PN MqueDCes. These time delayed PNtand lenen&of (Wo).......1ipal COIa....,.uiDB to
PNOsequences apia relaIe relJ)eCtively to the In-Phase the aU zero fUDC;aaDUPtdilcl-.l 1'bc 1imiD. ill the
(I) and~ (Q) cbanftels. Altboup only two praeraaioD of the Wallb ftllll;lima is provided by the
PN ,aerators are iII~ for respectively generat- 60 control~•• in .. CIII. o(.u Wallb (unction
in. the PN/ and PNo Mqueaccsfor the corresponding aeneraaon in the celkicead IIlCIbiIItlllit. Tbe output of
channels of the ceJl-site or sector, it should be under· aeaerator _ is provided ...... to both of acJu-
stood that many other PN .•eaentor schemes may be sive-OR pees 202 ad 21M. 1'bc QCber input of uc1u-
implemented. For eumple. in a 1QIICCl0rized cell. a pair sive-OR pte .....v.. the PH,sipal while the
of PN lefteraton may be prQvided f'Qr each of the pilot. 6' otber input of tsdUliveoOJl pte _ receives the PNO
sync, paain. and voice clwmeJs to produce. in synchro- sisnaJ. The PN/aadPNQ respeetiveJy eac1u-
nization, the PN/lDd PNOsequences used in the outer sive-OR.'ed with tNt o,",*t of tor _ and reo
code. Sucb a cue may be advantageous to avoid distrib- spectively provided as inputs to FlDite Impulse Re-
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sponse (FIR) mten 206 and •. The filtered silllais the pilot sipal. it hu immediate sync channel inter·
output from FIR IlIten 206 and _ provided to a trans· leaver synchronization.
mit power control circuitry comprised of pin conuol The sync channel symbols are covered bY the preas·
elements 210 and 212. The sipaJs provided to lain sillled Walsh sequence to provide onhOI0nality in the
control elements 110 and 212 are pin comrolled in 5 sipal. In the sync ~bannel, one code sYmbol spans four
response to input sipals (Rot shown) from the control cover sequences. i.e. one code symbol. to four repeu·
processor. The silllais outpUt from pin control ele· tions ofthe "32 one..•..32 zero" sequence. u illustrated
ments. arc provided to tI....smit power amplifier cir· in FIO. " As illustrated ill FlO. 6. a sinlie lolical "one"
cuitry 51 whose detailed structure and function is de· r~ts the occurance of 32 "one"W~ chips while
~ribed later herein. 10 a sinp~ "zero" represents the OCCurance of 32

The sync channel infontlation is encoded and then "zero" Walsh chips. OrthQ....ity in the sync channel
multiplied in exclusive'()R lates by a preassigned is still maiIltlined even lho!Jp the sync channel sym·
Walsh seqtI~e. In· the exemplary embodiment. the bois are stewed With resjNlct to absolute time depending
selected Walth ftsaetion is the (W32) sequence which upon the~ted pilot chunel.~ sync channel
cem.ists of a sequence of 32 ··ones" followed by 32 15 shifts are ill. m"'tiples of theW~ frame.
"zeros". The resllltin, Mquence is then ..multiplied by The s)'ftC chunel ....... iD the elClQp!Jry embodi·
the PNI and. PNQ sequences in exclusive'()R gates. In ment are variable iD IeaJlh. The lenpb of tbe message
the exemplary embodimeilt the sync channel dar. infor· is an Uafeler multiple of 80 msec wbic:1l corresponds to
mation is provided to the tratIIIIUt modulator typically 3 pilot cyetes. Included With the sync channel informa·
at a rate of 1200 bps. In the exemplary embodiment the 20 tion bits are cyclic redundaDcy (CRC) bits for error
syncclwmel data is prererably convolutionally en· deteetion.
coded at a rate r- t With a ~tnint length K -9. with FIO. 1 iUustrates in the form of a timiJlI cijagram the
each code symbol repeated twice. This encoding rate overall exemplary system timin,. In the peiiod of two
and constraint len,th is common to alJencoded forward seconds there are 1S pilot cycles. In FIO. 1. the N pilot
link channels. i.e. sync. pllin, and voice. In an exem- 25 and sync c¥nnels correspond to the sector or cell using
plary embodiment. a shilt rq'isrer structure is employed the unshilte.:l pilot such that the pilot and sync signals
for the generators or the code 0, -1S3 (octal) and atip exactly wlth UTC time. As such the pilot sync. i.e.
02 - 561 (octal). ThesYIftoI rate to 1he sync channel is initial state. alilllS euctly wlth a common I puJse per
in the exemplary embodiment 4100 sps, i.e. one symbol second (pps) siJlla1.
is 208 I£sec or 256 PN cbips. 30 In all cases in which a shifted pilot is used. a PN phase

The code symbols are interleaved by means of a con· offset correspondinl to the pilot shifl isintrocluced. In
volutienal inrerleaver spannin, in the exemplary em· other words. pilot sync (initial $l&te)and sync channel
bocliment 40 rmec:. The tentative parameters of the messales are skewed with respect to tbe I pps signals.
interleaver are 1-16 and J _41. Funher details on in· The sync ftlessaIes carries this phase offset information
terleaving is found in Datil Communication. N,lWOrlcs 35 so that the mObile unit can adjusts its timinl accord·
alfti Syn.ms. Howard W. Sams • Co.. 1987, pp. ingly.
343-352. The effect of the convolutional interleaver is As soon as a'syac ehaDnel messqe hu been correctly
to disperse unreliable channel symbols such that any recei'ved. the mobile IdIit has the ability 10 immediatel~

two symbols in a eonti,uoUi sequence of t -lor fewer synchroftize t9 either a paain,.chaDnel or a voice chan·
symbols are separated by at leut J+ I symbols in a 40 nel. At p;,Iot, Sync, correspolldiQ•. to. tile elld of each
deinterleaver output. Equivalently, any two symbols in sync metsa,e, a new 40 msee interl.ver cycle begins.
a contiguous sequence of J - I symbols are separated by At that. time. the JPObiIe unit. starts deiIIterieaving the
at leaSt 1+ I symbolS at the deinterleaver output. In first code symbol of either a code r~tion,or a (ex.
other wordS. if 1-16 and J -41. ill a string of IS sym· Cx.-. ,) pair. wlth 4eeocler synchronizatiot,' .achieved. The
bois. the symbols art. transmitted separated by 88S I£sec. 45 deinterl,.ver write address is~~ to 0 and the
thus providinl time diver$ity. read address ,is initialized to J, mealOry deinterleaver

The sync channel symbols o( a particular cell or sec· syncJuoaizacion is actUeved.
tor are tied to the correspondilll pilot sipal for that cell . The sync~Im"I,1'" carry infonaation regard·
or sector. FlO. 5 IJIuscmes the timiD, of two different in, tbe .-.tor. ~-bit10q PN 'enerMOr.for the vOice
pilot ctilDnels (N) and (N+1) wldcb are separated by a 50 cbannel .."'" 'or the collllluPlarioa..~ tbe me-
shift arM chips. FIG. 5iIIUItrateI oaJy by way oleum· bileuaiL ........ iIIroraaIiaa is UIId at~ lQObile unit
pte a titninl CfiaJflln (or the eUIDpJary pilot and sync diJital daf.a receiventol~~die corresponding
channels.With the ltate of the acnaaI pilot sianal chips PN pneratorI. For eIUIPJe,·iJ FlQ. 7 ..... Iync channel
and ~c cbaaaeI symbOla DOl m....ted. Each sync _ ..~+1~ ...2obit ftI1ct ~1Uch is iDdicative
channel suns a new i....ver cycle with the first 55 of the..~x.~ the~Or ~"Y.Qice channel
c:ekleiYllboi (c.) ora code symbol pair (e•• c'.), due to corr...,-.,'1OO. oOde P.N~ will uve at a
a codi1'Iptit of two. atptId. with respect to absolute ~.• _ ..... J60 ..-= later. The

tia:."j=lrio~5~':::a'=:~:I~~a :::e.~~~=r:(~=c:eu::.~
=~=~~~;'=::;"~r::wtimU:';i;~ ~ =~~.~:,:~-:;:~
cycle or piJdtsync at the time' I, wbich occurs 64 chip descraat~qr '.~ID"''''''
later in dnt~~ .tiIDe t•. The pilot cyc1e in the ellem· Wlth ...... to ~ ofll'lils1Wfatodulator and
pJaryembOdimenris 26.67 mseclonJ, which corre· power coaUOf~ ... for the s)'tIC cbunel. the
sponds to 121 sytle chanDelCOde symbols or 32 sync 65 sync chanDtlb1(~ is ipput ftom the cqauol pro-
chlnnel information bits. ne sync channel symbols are cessor to~ %14. The sync cbanDel data in the
interleaved by a coJivolutionai interleaver which spans exemplary embodiment is. u discussed above, convolu·
26.67 msec. Thus. when the mobile unit has acquired tional encoded by encoder 214. Encoder 114 funher
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provides repelilion of the encoded symbols. in Ihe case are gain controlled in response to input Signals (not
of lhe sync chaMel the encoded symbols are repeated. shown, from the control processor. The si,nals output
The symbols outPUt from encoder 114 are provided to from gam control elements are provided to transmit
mterleaver 115 which provides convolutional interleav- power amplifier circuitry 51.
ing of the symbols. The interleaved symbols outPUI 5 The data of each voice channel is also encoded with
from interleaver 115 are provided as an Input to exclu- repetition. interleaved. scrambled. muJtiplied by its as-
slve-oR aate 116, si,ned Walsh sequence (W,..Wj). and then muJtiplied by

Walsh geQCl'&tor 111 pnerates a signal correspond- the PN/and PNOsequenees. The Walsh sequence to be
ing to the Walsh (Wu) sequence that is provided as the used by a particular channel is usipeel by the system
other input to uclusive-oR ,aIc 116. The sync channel 10 conuoller at call setup time in the same manner as chan-
symbol stram aDd the Walsh (W31) sequence are exclu- nels are wiped to caUs in the analo, FM celluJar
slve.QR·ed by exclusive-oR. late 116 with the result system. In the exemplary embodiment illustrated herem.
thereof provided as an input to both of exclusive-oR up to 61 different Walsh sequences are available for use
pIes m and m. by the voice chanaels.

The other iIlplt ofuclusiYe.QR late no receives the 15 In the exemplary embodiment of the present inven-
PN/ sipal wbi1e lbe other iIlput of exclusive-oR gate tion, the voice channel utilizes a variable data rate. The
111 receives lhe PNQ sipal. The PN, and PNO signals intent in USinl a variable data rate is to lower the data
are respectively exclusive.QR.'ed with the output of rate when there is no voice activity thereby reducing
exclusive-oa pte 111 and respectively provided as interference ,enerated by tbis panicular voiCe channel
inputs 10 Finite Impu,lse Response (FIR) filters 114 and 20 to other users. The vocoder envisioned to provide van-
216. The raItered sipals output from FIR fibers 214 and able rate data is disc:~ in copendin. U.S. patent
226 provided to a tranSmit power control circuitry application"VARIABLE llATE. VOCODER." Ser.
comprised of diJital variable lain concrol elements 228 No. 071713.661. filed June II. 1991, also aailned to the
and %30. The silnals provided to lain conuol elements wip.. of the present invention. Such a vocoder pro-
228 and %30 are dilitally gain controlled in response 10 25 duces data at four different data rates based on voic:e
input diailal Signals (nol shown) from the control pro- activity on a 20 msec frame basis. Exemplary data rates
cessor. The si,naJs outpul from Pin control elements are 9.6 kbps. 4.8 kbps. 2.4 kbps and 1.2 kbps. Althoulh
228 and 230 are proVided to lransmit power amplifier the data rate will vary on a 20msec basis. the code
circullry 58. symbol rate is kept constant by code repetition at 19.2

The pa,in. channel information is also encoded with 30 ksps. Accordin.ly. lhe code symbols are repeated 2.4
repetition. interleaved and lhcn multiplied by a preas- and 8 times for the respective data rates 4.8 kbps. 2.4
signed Walsh sequence. The resuJtinc sequence IS then kbps and 1.2 kbps.
multiplied by the PN,and PNosequences. The data rate Since lhe variable rate scheme is devised to reduce
of the paJin, channel for a particular sector or cell is interference. the code symbols at the lower rates will
indicated in an assipeel field in lhe sync channel mes- 35 have lower eneray. For example. for the exemplary
sase. A11hough the pqinl channel data rate is variable. data rates of 9.6 kbps. 4.8 kbps. 2.4 kbps aDd 1.2 kbps.
it is in me exemplary embodiment fUled for each system the code symbol enefIY (E,) is respectively Eb/2. Eb!4.
at one of the followinl exemplary data rates: 9.6.4.8.2.4 EbI'8 and EbI'l6 where Eb is the information bit enerlY
and 1.2 kbps. for the 9.6 kbps traftSInission rate.

Wilb respect to tbe transmit modulator and power 40 The code symbols are interleaved by a convolutional
conlrol circuitry of lhe palin. channel. the paginl interleaver sucb that code symbols wim different CD-

channel information is input from the conlrol processor erlY levels will be scrambled by the operation of the
to encoder %3%. Encoder 131 is in lhe exemplary em- interleaver. In order to keep track of what enerlY level
bodilJleal a convolutional encoder lhal also provides a code symbol staouJd have a label is attaeJaed to ea.:h
repetition or lhe symboll aceordm, 10 tbe assigned data 4.5 symbol specifying its data rate for ICalinI purposes.
rale of tbe channel. The output of encoder 13% is pro- Afler onhoaonaJ Walsh COver1n1 and PN spreadinl.
vlded to interleaver 133 where the symbols are convo- the quadraturtchaMels are dipally fUtend by a Finite
lutional interleaved. '"" output from interleaver 133 is ImpuJse R.esponte (fiR.) filter. The FIR. filler will re-
provided as an Ulput toucllllive-oR ,ate 1J4. AI- ceive a sipaal couespoadiJll to the syabol eaerlY level
thoqh the palin, chanael data rate will vary. lhe code 50 in order to acc:omplish eDII'IY ICIIiDa ac:cordiDl to the
symbol rate is kept constant at 19.2 bps by code repeti- data rate. The I aacl ~hUUleis ~ be~ by factors
uon. of: I, ItVI' t. or inIJl one uap.....waon the vo-

Walsh 'eaemor 136 pnerates a sipaJ, correspond- coder would provide a data rate label in tile form of a
ing to a preusipeel Walsh sequence. that is provided as 20bit DUIDber to die fill filter for COBuollilll the raIler
theodler iDput to acI..uve-oR. pte 134. The symbol .55 scaliD, coefIIcieIlt.
datu. Walsb.....,eareexclusive-oR·ed by elclu- In FIG." tbec:ircuiuyoftwo...,&ary voice chan-
siveoOll pte * aad provided as an input to bom of nels. voice chaftnels (i) IDd (j) In iUutInIed. The voice
exdusive-oR. ptel _ ud 240. cbanDeJ (i) data is iDpat fram anlllOCllled vocoder (not

lbe.ber iDputofudusive-OR pre 131 receives the shown) to traDIII&it lIllOdu.lalor 51 (PIG. 3). Traasm.il
PN, sipal wbile.the ocher input of exc:1~ve-oR. .ate 60 lIIOdalator 51 is COIDpriIed of 2IOl; iDlerleaver
140 receives the PNO...... TM PN/and PNQsipals lSI,; exc:1~pta ., aacl 211,; PN
are fl!ll*Uveiy acIusive-OR.'ed wi.th the output of I-erator 2S3t. aacl WalIb (Wi) 2Mt.
ellclUlive-OR. pte 134 and respectively provided as The voice CbaaeI (i) data .. iJqnu to eDCOCler S,
inputs to Finite ImpuJle Response (FIR.) filters 142 and where in the uempIuy eaabodiIDent nis coavolutioaal
144. The filtered sipaII oulpUtfrom FIR. filters 142 and 6.5 encoded with code symbol repecitioa accordinl to tbe
144 In provided to a trIDIIDit power control circuitry inpul data rate. The eDCOded data is thea provided to
comprised of pin control elements 246 and .z.t8. The inlerleaver lSI, where. in the eUlftpiaty embodiment, it
SlpaJS provided 10 pin cODtrol elements 146 and 148 is convolutioaal iDterleaved. Iftlerlayer 251; also re-
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c:eives from the vocoder .usociated with the voice chan· bile-to-ceU lipal from a Jiven mobile. aeaenta the
nel (i) a 2·bit data rate label that is interleaved with the power eonu'DJ informaaon whicb is interred in the cell·
I)'mbol dati to identu)' II Ihe data flte 10 lhe FIR fiJ- Io-mobile voice cUmteJ addniIIed to "'1 .,.mcuJar
ten. The dati rate label is not transmitted. At the mo- mobile. Funhtt decails on the power COIlcroi facure is
bile unit. the decode.- cllecks for aU poaible codes. The 5 disclosed in me above idenlifted c:opeadinl application.
interlaved symbol data is outp\tt (rom intcr'leaver 251, Power control bits are inserted It die output of tbe
at an aemplary rate of 19.2 kips to aD input of eltclu· convolutional iDterleaver by ·meus of a tecbnique
siveoOR pte 252;. called code symbol puDcturina. 1ft otber words. when·

In tbe eumplary embodiment. each voice channel ever a power contrOl tMtneeds to be uu-uned two
signal is scrapab!ed to provide Ifeater security in cell·to- 10 code symbols are repllCed by two identicaJ code sym-
mobile ttaIWIliIsions..AJc~.h such acrambling is not bois with poIarfty liven by tile power coatrol iafonna·
required it does enhance the security in communica· tiOft. Moreover. power control bits are U'IDIIIIined at
tions. For eUIDp1c.scrambUn& of the voice channel the eaeqy level correspoadiJll to the 9600 bps bit rate.
sipals may be accoIIlp)isbed by PN cocIina the voice An~ COIaJU'IiIlt impOllld 011 tbe power con·
channel sipaIs with a PN code determined by the mo- 15 tral~ _ is dIat the palition of the bits
bile unit addr_ of IIICr JD. Sueh acrambJin, may use mllSt be tIIIdOIDized _. mobiJe.to<eU channels.
the PNuseq~ or encryption scheme as discussed Othetwile the fuJI eneraY power control bits would
with re(ereac=e to FlO. 3 with respect to the particular ,enente spjIceIof Ulteri'erenc:e *I repJIr interVals. tbus
receiver (or the mabiJe.ta<eU communications. Ac- diminislri.1 tile detecubititY Of such bits.
cordinaly. a separate PNaenerator may be imple- 20 flO. 4 f8tthet iIIusuateI voice chulael (j) whicb is
mentld for this fuaction as illustrated in FlO. 4. AI- identical in fwIction IQchtnactute to tIIIt ofvok:e chaD-
thollih scramblinl is discuSsed with reference to a PN nel (i). It is COftlelllplaled tbat there .. lllaDy more
sequence. scramblina IDay be accomplished by other voicec~ (not illustrated) with the'tOlaJ of voice
techniques includin, those welllmown in the an. channel beiftl up to 61 for the iUUIU'MId embodiment.

Refemn, ..ain to FlO.•• scrambling of the voice 25 With respect to the Walsh Pllef1lOtl of flO. ...
channel (j) signal may be accomplished by providing Walsh funcdoas are I set or ortIlopal binary sequen-
PN paeraror %53; which receives tbe lIIilncd mobile ees that can be CIIiIy pnmted by means_t known in
'Init acldresa from thcconuol processor. PN lenerator the an. The characteristic of interest in theW~sh (unc·
153, lenerat.en IlniquePN code that is provided as the tion is that each ohhe 64 sequem:es ilpetftCtly onhog·
other input to exclusiveoOR. pte 152,. The outpllt of 30 onalto aU or the other seqtieftCeS. As such. Illy pair of
cAclusive-QR ,alC 251, is instead provided to the one sequences ditf'er in eucdy .. miaybit pcltiIioas as they
inpul of CJIc)usive.QR pte 255,. a".eo i.e. 32 ovet IQ interVaJ of 641)'11lbo11. nus when

Walsh pneracor (W;) 254; pnerates. in response to a in(onaatiOta is enc:ocIed tor UlI....i..... 'Y die Walsh
function select sipaJ. and timina sipals from the con- sequences the receiver Will be aljIeto select any one of
trol proc:euor. a sipal corrcspondinlto a preassigned 35 the Walsh~. a deIired ..cartier" iipal. Any
Walsh seq~e. The value of the function selec:t signal sipal enetJY encoded onto the otbetW..... sequences
may be determined by the actdras o( the mobile unit. will be rejeeted ad not feSU1t in mutual interference to
The WaWlsequcmce sianal is provided as the other the desired one Walsb sequence.
inpUI 10 CJIcl..uve.QR pte 255j. The scrambled symbol In the eatmPlar'y tmbodirneJlt rot the cell·to-mobile
data and Walsh MqUC1lce are eac:lllSi...oa 'c:d.b¥. c.&tObI:, «J link. the 1)'ftC..c tad wice cIsaeuMk..• mentioned
sive.QR ple 255/with the result provided as an input to previously use umvohational eacodUt.'O( a consuaint
both of eac:lusiveoOR pta 2S6;and 251;. PN lenerator lenath 1t-9 and code rate r-I, that is; twO encoded
253;aloIal with aU other PN paeraton and Walsh s)'1DbQls are procJucecf &lid trIDIIIIittlid for every infor-
pnenton at. the cell~te provide an output at 1.2288 matioD bit to be U'IDIIDilted.ln additiolttetlte convolu·
MHz. b JhoWcI "'.nol,ed Wt PN aenentor 253 includes 45 tional~ conYOIotioDal· imefteaYinl of symbol
• decimatorwbicbpro~ aD OUtpUI '1 a J9.2 kHz rate dara is ,."..,~ It Is further CII\'iIioned that
to e&dulive-OJl lite 255;. repericiQa is•.tltiJiI!IId in conjuaeaoa widI the convo-

the~N=:"~f=:~:.::;=~e:~~ =.:an.~':ct:::'':-='=~e:;
pte _ receives the PNo Iipal. ne PN, and PNQ 50 allorithdl cIllIcoctet. A~ ...... be UIed for
........... respectively udUlive-Oll'ed with the out- d~~. The nsultia. ~iaformation
put 'Of'ucJUlive-oa ........ respectively provided bits we....... 10'1he....UIIit diIkaIwllbud equip-
as inputS to F'ulite Imp. a.,... (PIR) filters ., ..~
ud 362;. The ..,., .paboIa are filtered accordinlto ~ to PIG."~ aries
the _'Il dI&a rue .... (aot 1IIowD) from convolutional 55 ofdiptllO (tt/A)CCIIl-- the
iaterleaver.2Illo ne m-.a ........ output from FIR diIiW iIll~ rt.oe die ?N, ',"0'" data
rllters _ lad 2Gi provided toa.ponioD of transmit for,_ pilot. lytIC, pipit ad~. 7'. ,lit to uaIol
power ClOMIOA ClinnJitryN.~ of pin control fora ..~.piIat.~'"''- dua is
..... _ &ad .2'6;. .•1lMt Iipa,II provided to pin ~ ft.,....COII.rii__2lttoD/A ClClIlvefter
aontrOl .............. .,are.pin CQIIlroUed in 60 *- Tle~ dIlIaiiOIdpIIt ftoaIIj·D/A/CClllverter
respoue CO inpu« lipak<aottbowa) ero. lite control ...'P ......... - SImilarly ottbc cor·
processor. The sipaJI .,. from pin control ele· reIp~" CGIIUOI. eIemeIdI fot * pqiDl
........ provided to tl'lDllDit power amplifier cit- aDd ".. @',.eJIPN' ..... -. i.e COIltrol
cuitry"A. ~..... 2Mi-2f!Ij....... ftIpICtively pro-

laldclilioJl.to voice biU,lhe forwarcllink voice chan· 65 videClto D/A CODWften 2'72. 27t 1IiDd· where
lie) carries power contrOl iAfOl"lDa&ioD. The power con- the Ii..-.are ·df,tdzed and provided co sammet •.
tro) bil rate is in the exemplary embodiment 800 bps. The PNa spretld data tor the piIoI. S)'lle. pqiq ud
The cell·site receiver which is demodulating the mo- vmce channels are output (rom pin contrOl elements
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%ZI. %30. 148. and ZCI6i-Z66j. are respectively provided mat. anal0l. or any other standard fonnat. The resultant
to 01A convenen 170. %74. m and DZi-JlZ/ where signals is lransmined from vocoder _10 dilJtaI swilch
the sipals are diprized and provided to summer 186. 301. Under the control of system control processor 300.

Summer 114 sumslhe PNrspread data for Ihe pdot. the call is routed CO Ihe PSTN.
sync. pepn, and voice channels and while summer 116 5 Voice signals comma from the PSTN inlended for
sums Ihe and PNQ spread data for the same channels. the mobile units, an provided CO diptal swilch 301 for
The summed I and Q channel data is respectively input couplina to an appropriate diptal vocoder such u vo-
along wilh local oscillator (LO) frequency sipals Sin coder _ under control o( system conlrol processor
(2,,(t) and Cos (2ri) to miurs _ and DO where they 300. Vocoder _ acodes the iIlput diptized voice
are milled and provided 10 summer 29Z. The LO fre- 10 signals and provides the resultiD, infot"lllarion bit stream
quency signals Sin (2mt) and Cos (2mt) are provided directly to diJitailwiteb 302. Diptallwiteh 302 UDder
from suitable frequency sources (nol shown). These system control proceuor control direct the encoded
milled IF sianals are summed in summer 292 and pro- da&a to lhe cell-site or ce11-sites to which the mobile unit
vided to miller 294. is communicatiDl. Althoup dilcUlled previously that

Mixer 294 mixes the summed signal with an RF fre- 15 information transmined to theMTSO anaJoaYOice. it is
quency signal provided by frequency synthesizer 296 so funher eravisioned that diptal iIlfonnaaon may also be
u to provide frequency upcoDversion 10 the RF fre- communicated in the system. To ensure compllibility
quency bane!. The RF sianal output from mixer 1M is with the system. care must be taken ill proper framing of
bandpus rtJtered by bandpus tilter 291 and output to the data.
RF amplifier 299. Amplifier 299 amplifies the band 20 If tbe mobiJe unit is in a hancIofl'mode communicat-
limited sipal in accordance with Ihe inp'tt gain concrol ing to multiple celkites or in a cell diversity mode.
sipal (rom the transmit power control circuitry 56 diptal switch 302 routes the calls to the appropriate
(FlO. 3). It should be undentood that the embodiment cell-lites for transmission by the appropriate cell-site
illustrated for transmit power amplifier circuitry 58 is transmitter to the intended recipient mobile unit. How-
merely for purposes of illustration with many variations 25 ever. if the mobile unit is communicating with only a
in si,nal summin•• milling. filtering and amplification sin,le cell-site or not in a cell divenity mode. the signal
possible as is well known in the an. is directed only to a linlle cell-site.

Cell·site control processor 48 (FlO. 3) hu the re- System control processor 300 provides control over
sponsibility for assignment of di,ital data receivers and diptal switches 382 and _ for rouUnI data to and
transmit modulators to a particular call. Control proces- 30 from the MTSO. System control processor .100 also
sor 48 also monitors the progress of the call. quality of determines the assilftJDetlt ofcalls to the cell-sices and to
the signals and initiates teardown on loss of signal. The the vocoders at the MTSO. Funhermore. system can-
cell-site communicates with the MTSO via link 52 trol processor 300 communicates with each cell-site
where it is coupled by a standard telephone wire. opti- control processor about the usipmecn of particular
cal fiber. or microwave link. 35 calls betweera lhe MTSO and ceO-site. and the usip-

FIG. I illustrates in block diaaram ·onn the eqUIp- ment of PN codes for the caUL Ie should be funher
ment utilized in the MTSO. The MTSO typically in- understood that u iUUlCrated in FIG.• dilital switches
eludes a system controller or control processor 300. 302 and 306 are illustrated u two separate switches.
diptal switch 302. diversity combiner 34M, diptal vo- however. this functioa may be performed by a single
coder _ and diptal switch 301. Although not illus- ~ physical switchina unit.
trated additional diversity combinen and diptal vocod- When the ceIl-divenity mode is in use. the mobile
en are coupled between diJitai switches 30Z and 301. unil will use the searcher receiver to idenrify and .c-

When the cell-diversity mode is active. the call is quire the scronpst multipath sipal trom each of the
processed by two cell-silel. Accordingly. sipals will two cell-sites. Tbe dipc,aJ da&a receiven will be CCln-

arrive at the MTSO from more than one cell·site with ., trolled by the searcber receiver and the control proces-
nominall)' the same infomwion. However. because of sor so .. to demodulace the stron,esc sipals. When the
fading and interference on the inbound or reverse link number of receiven is lea thaa the number of cell-sites
from the mobile unit to the cell·sites. the sipal from one transminin, information ill puaUeI. • lwitchiq diver-
cell-site may be ofbener quality than the signal from the sity capability is poaible. For e 1e. with only a
other cell-site. SO sinale data receiver aad with two cell traDI1IIittinl.

Diptal switch 382 is UIed in routing the information the sean:her wiIllllOllitor the pilocIlraaa both ceII-sites
stream cornspondin. to a liVen mobile unit from one IIId cIIooIe tbe stroll.. lipal for the nc:eiwr to de-
or more ceIJ-sites to diversity combiner 304 or the cor- modulate. 18 this embodilllell' the eJaoice CIa be made u
respondint diwnity COIftbiner as determiDecl by a sig- frequently u every vocoder f1'llDe, or aboua every 20
nal from Iystem control proceaor 300. Whera the sys- " auec.
tem is not in the cell diversity 1Dbde. divenity combiner The tyatemCODtl'Ol proceaor hat ,...,..biJity for
304 may be either bypuIed or fed the same informatton auiJlUlllld 01 cliailll daIa receivers ad IDOCIuIators at
on adl input pan. the c:eIkiIe to hImdJe pu'IicuIw calls. nUl in the cell·

A multiplicity of serial coupled diversity combiners to-lDObiIe Iiak, the .,.... coacrol proc:eaor OOIltrols
and vocoder an proYided in -parallel. nominally one for 60 the Ullipeent or Walsh ........ aaed It the ceIl-site
each call to be pracT lTd. Diversity combiner 304 com- in crn-iWotI ala pertic:w.r call to die mobiIeUDiL In
pares the sipaJ quaJityiDdicators M:COmpanying the additioa die ..,... CODU'OI .-oo-or ooaaoll the re-
information biu from the two or more celJ-site signaiL ceiver Wallb ......eII_ PN codII.la the mobile-to-
Diversity combiner 304 telects the bits corresponding cell Iiak, dae I,...coacrol~ alto CODtrols the
to the hipesc quality cell-site on a frame-by·frame buis 65 mobile UDit .., PN codet for the caU. Allipmerat
of the infonnaoon for output to vocoder 306. information is therefore tnMIIIiued f... the MTSO to

Vocoder 306 convens the fonnat of tbe digitized the cell-site aad from there to the cell to the mobile. Tbe
voice signal to standard 64 Kbps PCM telephone for- system control ptOCeIIOI' alto moniton the proareu of
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the caU. lh~ quality of si,uIs. and initiates lear down on As was dis.-.:SIed with referenc~ to th~ c~JJ-to-mobile

loss of sipal. sipal. the c-;senna of the filteMa. ampliflcatlon. trans-
MOBILE.to CELL LINK latioa aDd modulation opcrauOQ$ ..ybe interchanged.

In an ake",abve embodimau. two different phases of
In th~ mobile-to-ee1I liak. the chanael characteristics 5 the UJer PN code miaht be produced aDd lIICd to modu-

dictate that the moctulaUon teehaique be modified. In lace the two carrier P.... of the quadraphue wave·
panjcular. the use 01 • piJot carrier as is used in th~ form. diIperuiII, with the need for usin, the length
ceU·to-mobUe link is no 108Ft feasible. Th~ pilot car· 31761 sequences. In yet another altemative. the mobile·
ner must be IDOR powerful than • voice carrier in ord~r to-ceJJ liAk mi,bt uliJize ODJy bi-pbase modulaUon. also
to provide a 1* phut reference for data modulation. 10 diIpcnsiq with the need for the sbon sequences.
With the ceJJ"Site tranJJnjttill, aaany si,mulcaneous voice 11Ie ceJl-site receiver for _caeh sipaJ produces the
carriers. a sial1e pilot -1ipaJ CUI be shared by aU the shon PN .......ces aDd the user PN $eqUlCDce for each
voice carrieJ'L Therefore. the pilot sipaJ power per active mobile sipaJ bein. received. The receiver corre·
voice-carrieria qWte small. lares the received siIaa1 enerlY with-eacbof the coded

In the mobile·to-cell link, however. there is usually 15 waveforms iD ......te c:orreJaton. Each of the correia·
ODly a smale voiCe camer per mobile. If a pilot w~re tor OUtputs is cbeD lCpU'&tely prac_ed to demodulate
used. it would require sipiicantly more power than the 64-ary encodin. and the CODvolutioaal codiD, using
the voice carrier. This situation is clearly not desirable a FUlHadunard Trusform proc:e:ssor aDd a Viterbi
SlDCe overaJhysae.m CAlNCity would be Ireatly reduced al,oriduD decoder.
due to tbe iaterference caused by the presence of a 20 la aaother- altemative lIIGdulalioo ICbemc for the
Jarpr number of hip power pilot sipals. Therefore. a mobile-to<elliiak. the same modulation ICbeme would
modulation capable of efficient demodulation without a be used as for the cell·to-mobiJc link. Each mobile
pilot slpimust be used. would utilau the pair of 31761 lUllh sector codes as

With the mobile·to-ceU channel corrupted by Ray· OUler cod.. TheiaDcr code would util~ a length 64
leilh fading. resultilll in a rapidly varying channel 25 Walsh sequence that is Uliplild to lhe mobile for use
phase. coherent demodulatortcchnlques. such as a Cos· while it is in that sector. NomiDaJly, the same Walsh
laS loop waich den.... pUle from the received signal. sequence would be Uliped to the mobilJ for the mo-
are not feasible. Otltet t*Cbniques such as differentially bile·to-c:eJllink .. is used for the cell·to-mobile link.
coherent PSK can be employed but fail to provide the The above orthoaooaJ PN codiDl scheme limits the
desired lev,1 ofsipal.co-aoise ratio perfonnance. 30 available bandwi4th sprltldiDg that CUI be used by the

Bus. aiormofonhoaoul sipalin, such as binary, modulation system to a muimum r.te oftbe chip rate
quaternary or m..ry silft&lJiDg should be employed. In divided by 64. or 19200 Hz lor the numbers used in the
theellemplary embodiment. a ()4.ary onho,onal signal. esemplary .oodimalt. Tbii would preclude the use of
in, tcchaique is employed Ulinl Walsh functions, The m·ary encoding with larPIII .. delc:ribed (or the exem·
demodulator for m·at)' Oftho,onal signaling requires 35 plary embocliaDeat. AI ,1ft alternative. however. a rate
cbaaaei coherence oNy over the duration of transmis- r - ,. CClftStl'llint len"" K.9 convolutiouJ code could
sion of -the m·ary symbol. In the exemplary embodi· be used with differential biaary phase shiftkeyin, mod·
ment. this is only two bit times. ulation o( the~ biliary IYlDbois. The demodula-

The messa,e encoding and modulation process be- tor in the ceJJ-site could buitd liP a phase reference over
gins !wi1tt a convolutional encoder of constraint length 40 a shon interval_I the tee:haique~ in the
K -9 &Ad c:oclerate r - •• At a nominal data rate of 9600 anic:le "Nolil. w liM' -. efllll'-Medl&lateel Car·
bitl per second. the encoder produces 28800 binary rier with Application co -Bum DiPal Trusmission".
symbols per second. These are Ifouped into characters Andrew J. Viterbi &lid Audrey M. Viteriti. IEEE
containiR"6 s,mbolseach at a rate of 4800 characters TranuccionsOtt Information 1'beory. Voi IT·29. No 4.
per se~wi,h there belaa 64 possible characters. 45 July 1913. For .xaa..... a ))hue menace could be
Each cblneter'is acoded lDtO a length 64 Walsh see averapd over ODly" spabols nquiriq "0 more chan-
qUCftce conuiainl64 binary bits or "chips." The 64-ary nel coherence dlaadleabove~~
Walsh c:JIiip'''' is 307.200 chips per second in the exem· The perfOl'llllllCe of tbe juIc dllcm.d ..cern.tive
pllry eabecliaMnt. scheme. however. wiD be inferior to the preferred em-

The WaIU claips anrlhen "covered" or multiplied by 50 bodimeIIt iIIlbe PI•••nce of leYefe Ray.... fading and
.PM",ueilce tuIUIiII,attbe rate of 1.2281 MHz. Each mullipalh ceacIHiaM However. ia c.taiD environ·
mobile ,\IIJit'."'1IIed luaique PH sequence lor this men.. where 1...,- _apeah ant .. .-wre. for
J"I!'PC*. TU PN sequeace can either be Uliped only eumple. the ....Mle IDObiIe ......-.sia certain
for Ibe duration 01 the caD or _ped permuentJy 10 land·aaobiJf MleneJ die perfCIfDI" of the aJtema·
the....1IlIit. The _ ..... PH sequence is referred to 55 live sY*lla could tbu die pnlfeIredembodi.
herein.1'1."" PH sequeac:e. The user PN sequence m~l. 11UICIa 0CQIt diepia rr.,IDIkiD. thepeen_ ""a' • clock nteof 1.2188 MHz Iftd so as mobile sipaJJ ortholonal to cxltIr.,eaceed the
to procIuoe,t.. PN dIipf-for every Walsb chip. Joss lit~...." of 1M DPSXICIIeme.

PimdlY. a _or abort.'''ph 31768. PN sequences III or*r to the ,....,.." alipment
............ III lbe .......". embodimeDt, the same 60 in onh Wa1tIt I.... lor .. , vc mo-
........ 'MeUlld ••Car the ceU·to-mobile link. The biJe.to«II, cell NCliver~_the time
DIll' PH..... coYlNd WaJsb chip sequence is then error hm MIllin.. __, or acb ....". sipal. If a
eevered, oranddptied .., ach 01 the two shan PN liven recciYtd IipIl lap in tiIain.. thea-1M IlIIOCiated
~ 11Ie lWCJ tIIOltill, llqUences then bi·phase ccJl moduiltor .. UQIIDitter will CAlDIDt a small
....uI..:a1qadr&t1lre pair or sinusoids and are lummed 65 increment. Goaverw!y, if the NClived... timiDl of a
ilto.-lie-pal. The resultiDa sipa! is thu bandpass mobile leads 1M noaIiMI timiD.. a COIIUII&Dd to retard
fiJlercd. trIftSllUld to the fiaal RF frequency, amplified. by a small increm.t is transmitted to the mobile. The
mtered and radiaMd by the antuna of the mobile unit. timing adjustment increments are made on the order of
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I PN chip or 101.7 nanoseconds. The commands Ire 9.8304 MHz clock rate in the exemplary embodiment
transmitted at a relalively low rate. on the order of 10 to which is euctly ei,ht times the PN chip rile. Althou,h
SO Hz and consist of a sin,le bit insened into the di,ica1 (AID) convener 511 is illustrated as pan of receiver
voice data flow. 534. it could instead be a pan of the data aad searcher

Durin, a soft handotf operation. the mobile unit wiU S receivers. The diptized IF sipaJs are are output from
be receivin, sipaJs from two or more cells. Because the (AID) convener 5U to data receivers ..... and 442. and
mobile unit can only &Ii,n iu timing in response to one searcher receiver 444.
of cells' timin, adjust commands. tbe mobile unit wlll Receiver 4M also performs a power control function
normally move illUming in response to the commands for adjustin, the tranIIDit power of the lIlObiJe unit. An
received from the ...-oA,.cell being received. The 10 automatic pin conlrol (AGe) circuit 514 is also cou·
mobile unit tl'&llSlnitted sip will thus be in lime alip. pled to the output of IF amplifier 510. In response to the
ment with the cell with which it has the baa path. Oth· level of the amplified IF Iipal, AGC circuit 514 pro-
erwise Feater mutual interference to other users will vida a feedbMlc IipaI 10 the pin control input of IF
r"u1l. amplifier 510. Receiver 434 also uses AGC circuit 514

If each cell receiver receiving a mobile lipal per· IS to pnerale~ uaIoI power conuoJ ..... that is pro·
forms the above time error measurement and correction vided 10 traDllDit power conuaJ circuilr)' 431.
transmission operatioD. then all the mobiles' received In FIG. 9. the diliUzed lipal output from receiver
signals will normally be received with approximately 434 is provided to dipcal da&a receivers ..... and 442 and
the same timin.. reswlinl in reduced interference. to searcher receiver .... II should be Wlderstood that

FIG. 9 illustrates ia block dialfUl fonn an exemplary 20 an inexpensive. low perfonauee mobile unit might
mobile unit COMA telephone let. The mobile unit have only a sinlle da&a receiver while biaher perfor·
COMA telephone set includes an antenna~ which is mance uniu may have two or more to allow diversity
coupled throup diplexer 432 to analog receiver 344 reception.
and transmit power amplifier 436. Antenna 430 and The diBitized IF sisnaJ may Contain the signals of
diplexer 432 are of standard design and pennn simul..• 2S many on·goin, caJls 10laher with the pilot carriers
neaus transmission and reception throup a Single In· lransmiued by the current ceU-site and all neilhboring
tenna. Antenna 430 collects transmitted signals Ind cell·sites. The function of the receivers ..... and 442 are
provides them lhroup diplexer 432 to analo, receiver 10 correlate the IF samples wilb the proper PN Ie'

434. ReceIVer 434 receives the RF frequency signals quence. This correIalion process provides a propeny
from diplexer 432 which are typically in the 850 MHz 30 that is well·known in the an as "processing pin" which
frequency band for amplificallon and frequency down. enhances the lipal.to-iaterference ratio of I signal
conversion to an IF frequency. Thii translation process matchilll the proper PN sequence while not enhancing
ii accomplished usin, a frequency synthesizer of stan· other sipals. Correlation outpul is lhen synchronously
dard desiln which permilS the receiver to be tuned to detected usia, the pilot carrier from t~ closest cell·site
any of the frequenc:ies within the receIVe frequency 3S as a carrier phue reference. Thereswe ohhis detection
band of the overall "J1u1ar telephone frequency band. procell is • Mquenc:lt of eacoctecI data symbols.
Th~ sipals are also filtered and diBitized for providing A propeny 0I1he PN sequac:e II used in ehe present
to diBica1 data receivers 540 and 542 along with searcher invenlion is that cliscrimination is provided &pinst mul·
receiver 544. tipath sipals. Wbea the lipal UTives ae the mobile

The details of receiver 434 are funher illustrated in 40 receiver after plllini IIlroqb more chan one path.
FIG. 10. Received sipals from antenna~ are pro· there will be • difTereDce ill lhe reception time of the
vided to downconvener 500 which is c:omprised of RF si,nal. This reception tilDe difTerence corresponds to
amplifier 502 IDd mixer 504. The received signals are the difference in distance divided by the velocity of
provIded as an input to RF amplifier 502 where they are propaplion. If this lime dift'erence eaoeeds one miCTO'

amplified and outpue II an input to mixer 504. Mixer 504 4S second. then the c:oneJatioIl process will discriminate
is provided with another input. that bein, the sipal between the paw. The receiver CUl choose whether 10
output from frequency syatbesizer 506. The amplified track and receive the earlier or later path. If two recei,,·
RF silnals are translated in miller 504 to an IF (re· ers are provided, IUCb .. receivers .... aDd 442. then
quency by mWnl with the frequenc:y synthesizer out· two indcptndeal paIhI CUl tie trICked and processed in
put sipal. SO parallel.

The IF sipaIs are qUlput fr~ mixer 50410 budpus SearcIIer recei~ .... 1IIIder caauoI of CODIroJ pro·
filter (BPF) 501. typicaUy a Surface Acoustic Wave ceaor 4t6 is forcoatiDuoully Ie_ina the tilDe domain
(SAW) raleer bavial a ,..a.ad of approximately 1.2S around the nOlllinalIilDe ofa received piloIlipaI of the
MHz. where they are froID bud,.. faltered. The char· cdkite for ocher pilotIi"- from the same
aeteristics of the SAW filler are chosen to match the 55 cell_.. for 0IMr pilot sipaJs.
waveform 01 the sipaI CfUIIDiIIed by the cc1J·site. The Receiver'" will~ ofay reception
cell-site tran-iUAId sipal is a dact sequence spread of a dIIind wavefona at dIaD dae nominal
spectnIIII IipaI thai is 1DOd"1ed by a PN sequence time. I.eoIiver"'~"" IipaI streqda ia the reo
c10cbd at a predeteftniaed rue. which in the exem· caved IipaiI. Receiver ... provides alipal streDlth
pJary embodiment is 1.2288 MHz. This clock rate is 60 lipal to coauol proceuor 4t6 iDdicaIive of the Siron·
cbolen 10 be an UlteBer multiple of the bueband data .. IipI1s.
rate of 9.6 kbps. Prooeaor 4t6 proYidel eaatroI·1ipaIs 10da&a receiv.

The filtered IipaII are oulpw from BPF 508 as an ers _ uri 442 for eICh 10 pIOCeD. cIift'ereDI one of the
input 10 a variable pin IF amplifaer 510 where the StroD..t Ii..... Oa oocuioa aocber eIIl-lite traDsmit·
si...... are qain ....ptifled. The amplified IF signals are 6' ted pilot Iipa1 is of·... sipaI IUIIlpb than the
output (rom IF amplifaer 510 to anaIo, to dipcal (AID) CurreDl ceI1-lite lipal IUeIlpb. CoIluoJ processor *
convener 512 where the sipals are diBitized. The can· then would , ..... a coauol-.. for aransmissiQn
version of the IF lipal to a diBica1 signal occurs II a to the system CODUOUer via the current ceJl-site request·
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inl a tTansfer of tbe caJJ to the caJJ-si1e correspondin, to The outpUll of receivers ... and 4Q are thus pro-
the stronlest pilot sipal. Ileceiven" and 441 may vided to diVersity combiner and decoder circuitry ....
therefore handle calls tbroqh two different cell-sites. The divemty combiner circuitry conWned within cir-

Durinl a soft handoff operation. the mobile unit will cuilry ... 1iInpt,.. adj_ the timin. of the two streams
be receiving sipal. from two or more cells. Because the 5 of received IyInboIs inco aJilftmnt aDd *CIds them to-
mobile unit can only alip itstimin, in response to one lether. This addition process may • proceeded by
of cells' timin, adjust camllllnds. the mobile unit will muitiplyMJ the two sueams by a aUftlber corresponding
normall) move its timin, in response to Ibe commands to the reJMi\Ie lipalltrenllhs of the two streams. This
received from thestronpst cell beinI received. The opeftlioII can be COIIlIIderedl mllima! ratio diversity
mobile unit transmitted sipaI will thus be in time alip- 10 combiMr, The r.dtin. CiOIIllbined sipalltream is then
ment with the cell with which it buthe best path. Orh- decoded UIIn, a forward error detection (FEC) de-
etwise pater mutual interference to other users will coder alto conCIiaed widIin circuitry .... The usual
result. digital baseband equipment is a dilitaJ vococ:ler system.

Furlber deIails of an e_platy receiver, such u diu The CDMA IystIal is clesiped to accommodate a van
receiver 440 is illullntecl in fenber detail in FIG. 10. 15 ety of difF.... vocoder clesips.
Dati receiver44Oincba_PN generators SUi and 518 B••bud circuitry • typically inCludes a digitll
which ,enente the PN,ad PNQsequeaces in a manner vocoeIer (not shown) which maybe a variable rate type
and corresponctinl to those aenerated by the cenosite. u dilcloled in the previously mentioned copendinl
TimiDg and sequence control sipals are provided to palent application. 8••bad circuitry _ funher
PN leneralOrs 51' and 511 from control processor 446. 20 serves u ... interface with I hudset or any other type
Data receiver 440 also includes Walsh ,enerator 510 of peripbenI device. 8aebud circUitry ... accommo-
which provides the appropriate Walsh function for dates a variety of different vocoder delips. Bueband
communication with dais mobile unit by the cell-site. circuitry _ provides output information silft&Js to the
Walsh pnerator 520 pnerates. in response to timing user in accordIIlce with the information provided
signals (not MioWft) and a function seJecni,nal from the 25 thereto from circuitry ....
control procnsot.1 sipel correspondinlto an usilDed In the aaobile-to-<:ell link. user anaIol voice sipals
Walsh sequence. The function select sipal transmmed are tYI'icaUY provided throup a handsec as an input to
tCl the mobile unit by the celkite as pan of the can set ~ circUitry•. 8Meband cin:uitry ... includes
up messaae. The PNI and PNa sequences output from an lAIIo, to diptaJ (AID) converter (not shown)
PN,enerators 516 and 51' are respectively input to 30 which convens the anaJoasiP'l to dilital form. The
exclUSive-Oil ptes 512.and 124. Walsh generator 510 digitallipal is pnMded 10 the digital vococ:Ier where it
provides ilS output to both of exciusive'()R gates 511 is encoded. The YOCOder output is provided to a for-
and 124 where the sipals are exclusive'()R'ed and ward error COI'NCtioB (FEe) ertcodifta circuit (not
output the sequences PNl and PNa'. shoWft) for error COrrection.... the eaemplary embedi-

The sequences PNl and PNa' are provided to re- 35 meat the error correction encoclin. implemented is of a
cei"'er.eo where tbey are input to PN QPSK. correlator convolutiollll eacocIin. St:heIfte. The diptized encoded
516. PN correJator S16 may be construeted in a manner sipal is 0UIpU1 (rom bMlIbInd circuitry _ to transmit
similar to the PN correlator of the cell-site digital re- modulator 451.
ceiven. PN correlator 526 cOrrelates tbe received I and Transmit mochalator 452 fint Walsh encodes the
Q channel dati with the PNl Iftd PNa' sequences and 40 transmit da&a • then 1DOd.... the encoded sianal on
provides correlated I and Q clwanel dati output to a PN carrier Iipel wltose PN teqUeIlte is chosen ac-
correspofldina aecutnWatGn sa IDd 530. Accumula- cardin, 10 the _pad IIddress function for the call.
ton 521 and 530 accumulate the input ittfomtation over The P'N sequence is detetmined by COII11'OI processor
a period of one symbOl or 64 ~hipI, The accumulator 446 from call .. iJaIormation that is .....utted by
outpUU are proYided to phase rotator 532 which also 45 the cell.... ad decocfecI by rec:eiwn ... uacl 441 and
teceivtsa pilot pUle sipaI from control processor 446. control prcICIIIOf ... la the alterUtiw. control pro-
The phase of the received symbol dltl is rotlted in ceIM)f ...., detel1lline the PN ........ through
accordanCe with tbe phase of the pilot signal as deter- pre:arraIifI••t with the ce1J.siIe. ConuoJ processor
mined by the searcher receiver and the control praces- 446 provides the PN sequence infOl'lldlioll to transmit
sor. The output f10IIl phue routor 532 is the I channel 50 modulMor _ ud to receivers _ad 40U for call
data which is provided to cbe deintetleaver and decoder cIecocIiq.
circuitry. Tbe 0IIIplIt fII~ tDDduIIIOI' 412 is prov1ded to

Coatrol~.... lito iDclades PN ,enerator traDIIIIit· power CIOIItI'OI Circuib)' SipII tranImis-
534 wtik:h paerata tile·.., PH ....uence in response lion J:IOMIr is COIIIftlIIId by the power control
to an iBpUt ·1DOIliIe uait .....'or user 10. The PN 55 lipal Pft"'ided ... NCliver •. CclDIrDI bill trans-
sequerDce~t ftaal PM '-'101' 1M is provided to mined by .... OIl liM ill die farID PG*r adjusaDent
diverliry COlD'" ad decoder CIrcuitry. Sittce the cotDJDaIJIiI .. ,.. byclata ..-. ad 441.
ceIl-tcMDObiJe .paI is ICIIlIDbIed with the mobile user The JIO'* __ by conuol
adcItessPN teqUIDCe, the output from PH ,enerator ~ ill tile powet tewJiIIlDObiIe unit
534 is used in descnmblin, the oen..ite transmitted 60 Q'llDra' t'C18. III ....,.. 10' tIdI. CD n. conuol
sipal intended fot tbiI userlilDilar to that u in proc:ellOr ......... a dipw powerr·ooatrollipal
tM cetHite receiver, PN 534 specifically that iI proWI4id .dIaaitry•. P'UJ'dIeftilfarmation on
proviift the outpGt PN sequence to the deinterleaver the re......... fII....".... .. and·4U. control pro-
and·ctecodercircuiry where it is UIId to descramble the ceuor'"Ud tnaImit power CODUOI_ with respect
SCfIIQbIed user data. Althoalb scdtDbling is discussed 65 to power CICIIItIOlis f\Ift dllCribed ill the IlItove-men-
withref'erence to I PH MqUeDce. it is envisioned that rioaed copeecHn r Ipplicadon.
other scrambling techniques ittcludittl those well TrlDllftir power control circuitry ... outputs the
known in the an may be utilized. power conuolled modulated sipal to transmit power
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amplifier circuitry 436. Circuitry 436 amplifies and con- input in detenninin, the output PN sequence. PN len-
vens the IF sipal to an RF frequency by mixing with erator __ pnera&eS the user specific 42-bit sequence u
I frequency synthesizer output sipaJ which tunes the wu discuued with reference to. FIGS. 3 and 4. A fur-
SIgnal· to the proper output frequency. Cireuitry 436 ther attribute of PN .enerator _that is COllmaon to all
includes an amplifier which amplifies the power to a ~ user PN lenera~nand not previously discuaed is the
final output level. The intended transmission signal is use ofa matkin, technique in JaaeratiDI the outPut user
output from circuitry 436 to diplexer 432. Diplexer 432 PN sequence. For example. a 42-bit mask is provided
couples the signal to antenna 340 for transmission to the for that user with each bit of the 42-bit mask exclusive-
ceJJ-sites. OR'ed with a bit outpUt from each rqilter of the series

Control processor"'" also is capable of ,eneratinl 10 of shift repter that form the PN ,enerator. The results
control messales such u ceJJ-divenity mode requests of the muk aDd shift repter bit exclusive-OR opera-
and ceUosite communication. termination commands. tion are thea excJusive-OR'ed toptber to form the PN
These commands are provided to transmit modulator pnerator outPut that is used u the user PN sequence.
451 for transmission. Control processor "'" is respon- The output PN sequence of PN pneratOr .. the sc-
si"e to the data received from data receivers oWO and l~ quence PNu, is input to excIUlive-Okpe •. The
442, and JelJ'Ch receiver '" for makin, decisions rela- Walsh symbol data and the PNusequeac:e are exclusive·
tive to bandoff and divenity combininl. OR'ed in exclusive-OR pte .. and provided u in

Witb respect to transminkm by tbe mobile unit. the input to botb of excJusive'()R pees '.0 and m
mQbile user anaioJ voice sipal is rtnt passed through a Transmit modulator W tunber includes PN leDera-
digital vocoder. The vocoder output is then. in se- 20 ton 614 and 6.6 which respectiVely aeaerue PN, and
quence.convolutional forward error correction (FEC) PNOsequences. AU mobile units use the SlIDe PN,and
encoded. 64-ary onholonal sequence encoded and PNoseq~ These PN sequences are in the eum-
modulated on a PN carrier sianal. The 64-ary onhogo- plary embodiment the zero.sbift used in the cell-to-
nal sequence is leneratl!'d by a Walsh function encoder. mobile communications. The other input of exclusive-
The encoder is controlled by collectinl six successive 2~ OR p&eS 610 and 611 are respectively provided with
binary symbol outputs from the convolutional FEe the PN,and PNOsequeaces outpUt from PN pneraton
encoder. The six binary collectively detennine which of 614 and 616. The sequences PN,and PNoare exclusive-
the 64 possible W~ sequences will be transmitted. OR'ed in the respective eJ.Clusive-OR ptes with the
The Walsh sequence is 64 bits lona. ThUs. the Walsh output provided to transmit power control 431 (FIG.
"chip" rate must be 9600 • 3 • (1/6) • 64-307200 Hz 30 9).
for a 9600 bps data transmission rate. In the exemplary embodiment, the mobile-to-eelliink

In the mobile-to-cell link. a common shon PN se- uses rate r.' convolutional code with constraint lenlth
quence is used for all voice carriers in the system. while K.9. The ,eneratOrs for the code are Gl- 557 (octal).
user address encodinl is done usinl the user P~ se· G2-663 (octal), andG,.111 (octal). Similar to the
quence ,enerator. The user PN sequence is unIquely J' cell-to-mobile link, code repetition is used to aceommo-
usianed to the mobile for at least the duration of the date the four difl'erent data fI&eS that tbte vocoder pro-
call. The user PN sequence is exclusive.()R·ed with the duces on a 20 msec frame basis. 'Unlite the cell-to-
common PN sequences. which are len,th 32168 au,- mobile link. the repeated code.symbols are not transmit-
mented muimal-lenllh Iineat' shift relister sequences. ted over the air It lower enerlY levels. rather only one
The resultinl binary ~pals then each bi-phase modu- 40 code symbol of a repedUon IfOUP is U'UIIIIitted It the
lale a quadrature carrier....e summed to form a compos- nominal power level. III caaciUlioa, the code repetition
ite sipaJ. are bandpass filtered.· and translated to an IF in the exemplary embodiment is lIIed IDeftly u an expe-
frequency outpUl. In the exemplary embodiment. a client to fit the variable data rate scheme in the inter-
ponion of the filterift. process is actually carned out by laviol and modll1alioD IU'UCture • it will be shown in
a (anite impulse response (fiR) di,ital filter operatinl .5 the followiq puqnphs.
on the binary sequence output. A block interieaver spuninl 20 msec. euctly one

The modulator output is then power controlled by vococler f'raIDe. is used in the mobilHo-celI link. The
si,nals from the digital control processor and the analo, number of ODele symbols in 20 DIIeC, ...... a data
receiver. convened to the RF frequency of operation rate 01'9600 bplllId a code rate rat. is 576. The N and
by millin, with a freq..-cy synthesizer which tunes the 50 B paI'IIDeIeI'I, N is eqaa1 to the namber of rows and B to
sipal to proper output f'Nquenc:y, and then amplified to the number of co1U111111 of the interIeaver array are 32
the rulal OUtPut level. The ttIIIIIIIit lipal is then passed aDd I" felPlCdvely. The code symbols are written into
on to the diplaer aa4 the anteIlDL the interleaver memory may by rows aa4 rad out by

FIG. II WUIt1'I&eS a pref'erred, but yet exemplary, colUIIIDI.
embpdiment of IDObile unit transmit modulator 452. ~5 The modulalioD fonDlt is 64-uy 0ftb0I0aa1 sipa1-
Data is provided in diIit.a1 form from the user dilital lin.. In other words, interleaved code symbols are
b..-....cl cin:uitrY to encoder _ where in the exem- pouped into JIOUPI of iii to select ODe oat of 64 or-
plary embodiment is convolutionaJly eacoded. The tboaonaI waveforms. The 64 lime 0I'III0aauI wave-
outPut or encoder _ II. provided to interleaver '82 forma are the __ WalIh r.cdlllll .- • cover ..
which in the exemplary _I)odiment is a block inter- 60 queaces in the ceU-IOGObile Iiak.
leaver. The interleaved symbols are output from block The data IDDdu1aIiaD lime iatervaI II equal to 208.33
in....ver _ to Walsh acoder..01' transmit medu- fIMC, ad II nterredto u a W..... lyadIo1 iDterval. At
lator 451. Walsh encodes' .. utilizes the input symbols 9600 bps. 201.33 "'* COfttlllOildl to 21DfonaatiOD bill
to lenerate a code sequence output. The Walsh see and eqaiva1eDdy to 6 code symbols at a ODele symbol
quence is provided to ODe input or exclusive'()R pte 65 rate equal to 21.100 IpI. Tbe W..... symbol interYal is
606. subdivided into .. eqaallapb lime iDterYals, referred

Trananit modulator W further includes PN lenera- to u Walsh c.bips, eacb lutiq 201.33/64- 3.25 JANC.
tor" which receives the mobile unit address as an The W..... chip rate is then In.25 JANC-301.2 kHz.
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Since the PN spreadinI rate is symmetric in the twO the reverse channel is 4800 bps. An access channel
links. i.e. 1.%288.MHz. there are ell.actly 4 PN chips per packet cOblprises of a preamble followed by the infor-
Walsh chip. mation.

A total of three PN Ic=fttfaton are used in the mobile- Tbepreamble leIIPh is ift the exemplary eDlbodiment
to-cell link path. The user SpecUlC 42-bit PN senerator 5 an iftfller Dlultiple of 20 msec frames and is a sector/-
and the pair of IS-bit I and Q channel PN lenerators. cell parameter which the mobile receives in one of the
Followinl the use; specific spreadin. operation. the palin. channel mules. Sidee the cell receiven use
signal is QPSK spread as iI wu done in the cell-to- the preambles to resol~ propalation delays this scheme
mobile link. UnJik~ the cdHo-mobiJe fink. where each aDows the preambJeJen.th to vary based on the cell
sector or cell was identified by unique sequences of 10 radius. 'The usen PN code for the. access channel is
len,th 21'. here all mobile wUts use the saine I and QPN eitha' pte!II'IUpcI or transmitred to the mobile units on
sequences. These PN Mquences are the zero-shift se- the .... charmel.
quences used in the ceJ)-to-nlobiJe lint. also referred to The modulation is fiXed and coastaDl for the duration
as the pilot seqUIlDceS. of tilt preamble. The ortholOaaJ waveform used ift the

Code repetition and ~rlY sealinl are used in the 15 preamble is WOo i.e. the aU zero Walsh function. Notice
cell-to-lIIObile link. to accommodate the variable rates that an aD zero pattem at the input of the convolutional
produced.by thev~. The mobile-to-ceU link uses a encoder anerates the desired waveform WI).
different scbeme 1)a$ed on a bUnt transmission. An ICceIS channel data packet may colllist of one or

The vocoder prodlJCes (our ditTerent data rates. i.e. at MOIl tWo 20 msec frames. The c:odina. iftterleaviftg.
9600. 4800. 2400. and 1200 bps. on a20 msec frame basis 20 and Modulation of the .access. cbaMei is exactly the
as in the cell-to-mobile tink. The information bits are same u for a voice ctwmel at the 9600 bps rate. In an
encoded by the rate r - t convolutional encoder and exemplary embodimeftl. the secror/etll requires the
code symbols are repeated 2. 4, and 8 limes at the three mobile units to transalit a 40 msec pteamble and the
lower data rates. Thus. the code symbol rate is kept access chaDnel messa,e type requites one data frame.
constant at 28.BOOsps. Folfowinl the encoder. the code 25 Let Nl'the number of preamble frames whtre k is the
symbols are interleaved by the block interleaver which number or 20 msec: elapsed (rom a predefined time ori-
spans euctly one voc:oder frame or 20 msec. A total of gin. Then mobiles are aJlowed to Uritiate transmission
$76 code symbols are generated every 20 msec by the on the access channel only when the equation: <k.
convolutiOnal encoder. some of which might be re- NI'+2)-O is true.
reated symbols. . 30 With respect to other communications applications it

The code symt:lols sequence as it is transmitted is may be 4~inbl~ to rearranle the various elements of
shown in FlO. 12. Notice that a voc:oder frame. 20 the error correction codiftJ. the onbopaJ sequence
msec:. bu been subdivided into 16 slots each luting 1.25 codin, and the PN codiftl to beltedl. the application.
msec. The numerololY of the mobile-to-celllink is such For eumpl.. in satellite mobile communications
that in each slot thc=re are 36 code sYl1J))ols at the 28.800 35 where the sipals are relayed betweeD Jarp Hub earth
sps rate or equivalently 6 Walsh symbols at the 4800 sps stations atld the mobile terminals by one of more earth
rate. At tbe , rate. i.e. 4800 bps. the sJots are grouped orbitift, satellites. it r:uy be dainble to employ coher-
into 81rouPS eacb comprisiJll2 slou. At tbe t rate. i.e. ent modulation and :demodularion teelmiques in both
2400 bps. the slots are lrouped ifttO 4 ,roups each com- directions 0( the, lipkbecause the chlaael is much more
prising4 slots. and finally at the l rate. i.e. 1200 bps. the 40 phase cOhe~t dws rhe.t~riaJ. ~e channel. In
slou are I"ouped iftto 2 groups each comprising 8 slots. such an appI~tion. the mobile~r would not

All exemplary symbol bunt transmission pattern is utilize m~ary eftcodift. u described.above. In.tead_
funher illustrated in FlO. 12. For example. at the t rate. bi-phase or (Oqr-phue modulation or forward error
i.e. 2400 bps. during the founh slot of the fint group the correc:tiOft symlilols ftlijht be eIII~.witb conven-
founh andei&bth row of the interleaver memory array 45 tional coberent demodulation· wiCb e.tncr phase ell-
are read cut by columns and sequentially transmitted. tracted (rocll the ~ved sipaJdlibl Cos1u loop tech-
The slot PP$ition for the transmitted data must be ran- niques. In addttion. the onhoiouJ Walsh function
domized iborder to reduce the interference. chaDncIiucioa ,uc:h .. b..an dllcribed (or the ceJJ-to-

13::;~cl=:~ t::~~~~:'=do;~:ci~; 50 =-.:::=~..: ::.:s=~~
to iIIclude the lIIObile-to-ee11 cbannels. i.e. voice and demodulatioa~ prOVides opetIIioD With lower
access. The synchronization of the mobile-to-ceJl link EblNo .. m-ary orthoJQD&l ....'i,. resultiftl in
~ the roUowiq steps: hiaher '''*' eat*ity.

I. Oecofe sQCCellfuUy a .ync tDesU.e. i.e. CRC Ia aocber ..bod~ it ",Y.be preferable to en-
cbeck; 5S code the ... wavet6r* 4irecd'Y • the IlF wave-

%. 1.aad loal PN shift RIiJter with Slate received in fonD insteadofu~. a vocoder"~PECtecbDiqun.
tilt s~ "'IP; aad Wbi)e the .. of.,~ udn.e'~result

3. CompellU~ ~or pilot cod~p~ offset if receiving ift very.~ liDf~tbt_~ofimpl~-
from a .JeC:tor whids uses a shifted pilot. meat.lQOll II .... _ .. ia~"~ and In

At tbis _t the mobile has complete synchroniza- 60 hiaJa pqwef ~"'!lIPaoa."l'b8I""'~'"may be
tioa. i.e. PH.)'DChroaization ad real time synchroniza- espteillJy -.VoiItJe.Ua a I'Od* paIIItI1i telephone

~~rC:-oa~~ton either the access ~~,,=-= -==:=-=t.c:

The mobile unit in order to originate a call must be speech waveform is represented in a dl~(ormat u 8
provided .,uJt sipaJinl attributes in order to complete 65 bit speech waple$at a. SllDple rate o( J kHz. The
a call to another system user via a celf-site. In the mo- COMA system coufd enCOde the • bit -.pies directly
bile-to-celf link the envisioned access technique is the into carrier phase anlles. This would eliminate the need
slotted ALOHA. An exemplary transmission bit rate on for I voc:oder or a FEC encoder/decoder. It would also



5,103,459
37 38

require a somewhat higher signal-to-noise ratio for signal conversion means for receiving and conveninl
~ood perfonnaace. raulting in lower capacity. In an- said fant and second output modulation signals to
other aJtenwive. the 8 bit speecb samples could be anaJog form;
directly encoded into carrier amplitudes. In yet another carrier modulation means for. receivina and modulat-
altemative. the speech waveform samples could be 5 ing first and second carrier sipals respectively
encoded into carrier phases and amplitudes. with said anaJog rant and second· output modula-

The previous description of tbe preferred embodi- tion signals. and combinina said modulated first
ments is provided U) enable any penon skilled in the an and second carrier sipaJs as a transmWion signal:
to make or use the prCleftI invention. The various modi· frequency convenion me&DS for receivina and con-
fications to these embodiments will be readily apparent 10 vening said transmission signal to a higher fre-
to those skiJ1ed in the an. and the pneric principles quency; and
defined herein may be applied to other embodiments anleDDa means for radiating said frequency convened
without the use of the inventive flCUJty. Thus. the pres- transmission sipaJ.
ent invention is not intended to be limited to the em- 9. ne modulator of claim 4 funher comprising data
bodimenu shown herein but is to be accorded the wid- IS scrambler me&DS for .enerabna a scrambliDa signal
est scope consistenl with the principles and novel fea- unique to said intended recipient user. and said first
turp disclosed herein. combirlin. means further for receivinl and combining

We claim: said scrambling sipaJ with said user information signal
1. A system for modulating an information signal in a and said Walsh function sipal.

sprad spectrUm commuaication system. compnsing: 20 10. The modulator of claim 9 wherein said data
means for generaUna an onhogonaJ function signal scrambler means compriles user PN aenetator means

representative of an onho.onaJ function selected for JeDerating as said scramblin. sipaJ a user PN code
from a plurality of onho.onaJ functions: 5eqUCtlce unique to said intended recipient user.

means for generatinl a pseudorandom noise (PN) 11. The modulator ofclaim" wherein said digital user
silnal of a predetermined PN code: ~S information signal is comprised of frames of variable

means for combining SAId onholonal function signal. rate vocoded voice data.
said PN silnal and an information signal. and for 12. A code division multiple access (CDMA) trans-
providlns a resultant fint modulation signal. mission system for sprad spectrum modulation and

Z. The syttem of claim I wherein said plurality of transmission of a plurality of input digital user informa-
onhogonal functions are Walsh functions. 30 tion sipals eacb intended for a respective recipient

3. The system of claim I wherein said PN signal is an user. said transmission system comPrisinl:
augmented length mwmal-Ienlth linear sequence PN spreadinl means for aeneratinl first and second spec-
code. trum spreadinl sipals;

4. A spread spectrum modulator for modulating a pilot channel means for...eraUn, a pilot channel
dilital user information sipl for transmiSSion to an 35 onho"", function lipal representative of a first
intended recipient user. comprisinl: onboaouI function selected from a set ofonholOo

onholonal fUDCtion leurator means for generating a naJ functions, combininl said first &lid second spec-
preselected Walsh function silnal; trum SPradinl sipaIs with said pilot channel or-

first combiner mans for. receivins and combining tbotoul functioD sipaI. &lid providing as an out-
said user information sipal and said Walsh fune- 40 put first aad second pilot clwanel output signals:
tion silnal. and providinl a resultant intermediate a plurality of user clwuael means each for. rec:eivinl
modulation sipal: a respective one of a plurality of user information

pseudorandom noise (PN) leneratOr means for gener· signals, leneratiJaa a user cbaancJ ortholOnaJ fune-
aliDI first and second PN signals of a code see tion si"", representative of a selected one of said
quence different from one anocber;. and 45 onhOiOui functioDs of said set ofonho.onal func-

second combiner means for. receiviDland combining tions wherein eacb user channel ortholonal fune-
said intermediate modulation silnaJ respectively tion sipal is of a different ortbolonal function
with said first and second PN silnala. and provid- with respect to each other user cbaancJ onholonal
inl reswlIDt first and second output modulation function sipal and u.id pilot c:baanel onhol0naJ
lipals. SO fuaetioD sipal. combiDiq uid received user wor-

5. The modulator of clailn 4 further comprising en- lDllloa sipal with uid paeraIed user clwaael
coder means for nceivia. and error correction encod- onhOlonaJ function sipal so U to provide a resul-
inl uid Iller infonaacioa sipaI. and providins an error IUlt user c:buael ordIoIonlljzedilllonaation sig-
correction encoded UMI' iaformation sipal to said first nal. combiDinl each resullUlt UMI' cbaancJ olthoa-
combiner means for combination with said Walsh func- 55 ...Iirect iDformatioa sipaI wid! ... fint and sec-
tion sipal. ODd specUUID Ipn*Iiaa Iipa1a, ad providing as

6. The modulator ofdIim 5 funher comprising inter- an output froID IICb respective .... chaanel means
leaver means for receivinl and iJUcrleavinl said error COITIIpoadin, first aad IeCOIId user chaDneJ output
correction enc:oclecl UMI'iaf~ sipal. and provid- sipala;
inl u.id interieavecl error correction eDCOcled Iller infor- 60 trnsmissioD ...for•.receMq IDd l;lODvertinl said
matioa sianaJ to u.id first COIDbiner means for combin- first ad secoad pilot cIwaIael ouqnat signals to
inl with said W... fuaction NnaJ. uaJol fOl1ll. receiYiDI and· conveniDl each user

7. The modulator of claim 6 further comprising trans· channel means first aad secoad user channel output
mission means for modulatinl said rant and second sipals to uaaJol fonD, combiniDl said anaJOI first
output modulation lipals upon a carrier signal and 6S pilot cbuaaeJ output sipaJ aad each 11I&I01 ram
transmitting said modulated carrier signaJ. Iller cbaancJ outpUt sipal to provide a first com-

I. The modulator of claim 7 wherein said transmis- biDed Ii"'" combiDiq said aulOI second pilot
sion means comprises: channel output sipallDd each anaJ01 second user
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channel output silllaf to provide a second com· pilot dI8neJ fltSt combiner __ (or receivinl and
bined sipal. combining said fint combined signal eombiftia. said first spednam spreadin, sipal wnh
with a tint carrier sip so IS to provide a fint said pIof cban_ onbopmal (uncuoatiJll&l. and
modulated carrier li8ftll. c:ombininlsaid second providiaillid fltSt pilot cluMel oucput lipal: and
combined silJW with a second carrier silnal so as S pilot cbIdDeJ IIClOftd combiner means forl1lCeiving
to provide a second modulated carrier sipal. com· and COIIIbiftinI said seconcI spectrum spr.ina
biDing said rust and second modulated carrier siS' si", with said pilot channel onhoJonaI function
nals as a composite modulated carrier signal. and sipal. and prov1dia, said second pilot channel
transmiuins said composite modulated camer siS' outpUt lipal.
nal. 10 11. The iJaion system ofclaim 17 wherein each

13. The transmission system of claim 12 funher com. user cblaael COIDprises:
prQinl at least one aumiary channel means each for. user chaaaeJ Walsh ftanction pnerator means for
reeeiviDa a rapec:tivc aui1iary cIwuael information ae-raaai llid respective user chuneI onhogonal
siana!. lenera~1 an auxiliary channel onbolonal func. func:tioa lipal COIIIprited of. seJecIed WaJIh func·
tion sipal representative of a selected one of said or. 15 tion chip sequence of zeroud one ate chips;
thoaonal functions of said set of onhoaonaJ functions user channel first combiner -- for ree:eivinl and
wherein each auxiliary cbanDel onhoaonal function combininl said respective user inforawion signal
sianaJ is of a differtllt onholoaal function with respect with sUI ,eaerated user chaMel orthoJOnal func·
to eadl other auxiliary channel ortholOnaJ function 0 =I:::-~~:~.· aser cbumel onhog·
signal. each user cJwmeJ onhoaonal function signal and 2 ......
said pilot cbanMI onholoul function sipaJ. combin. user chaaneI seOond combiner means for receiving

andcombiftiq said first spradin.lt*trum signal
ing said reeeived auxiliary channel information signal with said user ctlantlel onboJOnaliud information
with said Iderated auxiliary channel onhogonal fune- signal. and providiq said fint user channel output
tion $ignal so as to provide a resultant auxiliary channel ~, sipl: ...
onholO"alized information signal. combining each aux· • user channel third combiner means for reeeiving and
iliary channel onholonalized information signal with c:ombhIiDJ said second spectrum spreading signal
saId first and second spectrum spreadinl signals. and with said lenerated user etalanel onho.onalized
providla, IS an output from each respective auxiliary information sipal. and proviclin, said IICODd user
channel means first and sec:ondauxiliary channel output 30 channel outpUt sipal.
signals to said transmission mcus; and 19. The tl'Ulllllission system ofclaim .1 wherein each

said for transmission means further for. receiving and auxiliary channel Mcaas comprises:
convertinl each auxiliary channel means first and auxiliary channel Walsh function aenerator means for
second auiliary channel output signals to anaJog aeeeratiDI said respective auxiliary channel or.
form. c:ombinin. each analog first auxiliary channel 35 tho,onaI ftanction si.... comprised of a selected
output sipal wilb said analoa tim pilot channel Walsh f'IanctioiI cbip Mquencc ofUfO and one state
outt:KJt IilnaJ and each anaJol first user channel chips;
outpUt 1iJn&l in said fim combined lignal. combin· auiliary chuneJ first COIDbifter means for receiving
in. each analol second auxiliary channel output and c:ombiDia18 said respective aUXiliary informa·
sipal with said analol sedmd pilot channel output 40 lion silM! with said pnemed auiliary channel
sipaf and each second user channel output signal onhoJOnal function siptl. and pt'OVidinl said aux·
in said second combined signal iliary c........ orthoaou1iJed iafOl'llWion signal:

14. The modulator of claim 13 wherein each user auxiliary daMel second COIIlbiner mans for receive
channel mc&IlS is funher for forward error correction ill' IIftd combinin. said tint specmam spreading
encodma aftd interleaving data bits ofsaid user Informa· 45 sipal with Slid auiIIary dlluelortlaogonahzed
tion sipal. illforaladon IiInaL ad pIOvidiD. said fint auxil·

I!. ~ modulator of claim 14 wherein each user iary cltauel cMnpDt sipa1; and
channeltneaos is funher for gderating and combining auxiliary cfaIdel third ClClIDbiMr __ for receiving
an int~ded recipient user specifIC SCJ'UDblina signal and c:ombinin, said second sper:crum spreading
with said encoded and interl.ved user information 50 ..... WIt IiicI ......_ auaiUary chanDel or·
lipal.· rJIoIoadIed iaf'cnurion Ii..... ad providing

16.nae ttanstnission system of claim 1. wherein said said ......., c...... CI8tPM Iipal.
spreadln, means comprises: la. 'I'M liIor of ·icIIim· U w.... each user

finti*Ud0rudom ftoise (PH) generator means for infonDatiall is CIBIPriIed of • .....- oHllled_emm' said nrst spectrum spreading sisnal of 55 time frames of data wbereiD eICb data f.... is com·
a In·PhaIe PN chip code: prised'of. Y&IiabIt ....... ofbits of wNbJc rate vo-

secOnd PN pnerator m_ for .eneratins said sec· coded VoiCe data.
o~ specuum spreadiD, lipal or a Quadrature· 21. The ........Of of ·eJIiIII·· a _ ach input
PhUe PN chip c:ode;and user~ ltpaI·hIIe or ,.... comprises

wbirein Mid Ia-J'bue IIld said Quadrature-Phase PN 60 a cydic:~ checIl: aocW«:RCC) bi... said
cJaip cocIa are each ofa dUferem polynomialfunc· CR.CC CGIIP...u bIIId .,.. elIIOb r.pIc:&ive frame
lion. dall bias.

11. The transmission system of claim 16 wherein said 22. The modWItor or cJaiIa 11 whenin eenain input
pilo.t em.naeJ means comprises: user iJdOl'lMdOla .... data r,... otil,funher c:om.

pilot clwmel Walsh functiC)n ,enerator means for 65 prised of pdWer _trol bit data.
JlilIleraliD, said pilot channel onhogonal function %3. In .'code dmsioa multiple ICCeU (eDMA) ceUu·
signal comprised of a Wafsh function chip se· lar telephone system. a cell'lite U'UJIDIiIIioa Iystem for
queace of zero state chips; spread spectrum modulation and transmission of a plu·
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rahty of input digital uter infonnation signals each can· channel second FIR filter inpUt coupled to said
t&lning uter information intended for a respective recipe Iller chaa.nd third uclusive-QR pte output; and
ietn utero said tranIIIlisIin syscem comprising: (e) Iller clwmcl rant aacI second pin control de-

a spectrum sprading sipal,ener&tor comprising: ments each haviD, a pair of inputs and an output.
(a) an In-Phase c:baDneJ pseudorandom noise CPN) S one input of ach of said Iller cbanael tint and

gcncruor havin, an output; and second pin control clements reccivin, a respec-
(b) an Quadrature·Phase channel PN generator rive one of said plurality of pin conttol sipals.

having an output; another input of said Iller cbalUlel tim pin con·
a pilot channel sipal,enerltor comprising: trol element coupled to said Iller cbumeI rant

Ca) a pilot channeJ Walsh function generator having 10 FIR rllter outpUt, and .other input of said Iller
an output; cbaancJ secoacI pin control eJemeat coupled to

(b) pilot channel first and second exclusive.OR said Iller cbaancJ second FIR IDter Output; and
pees each havin, a pair of inputs and an output. a transmit power UDptifier comprisin,:
one input of each of said pilot channel first and (a) rant ad secoad leU of dilitaJ to 1IIIJ0, (01A)
second uclusive-OR ptes coupled to said pilot IS conveners. acb 01A. convener haviag an input
clwmel Walsh function generator output. an- and an output, each 01A. canverter of said first
other input of said pilot channel first exclusive- set havinl an iDput coupled to • output of a
OR pte input coupled to said In-Phase channel respective one of said pilot channeJ rant gain

Control element and said uter cbaancJ tint gain
PN poerator output. and another input of said 20 control el_'" and ach 01A. converter of
pilot channel second uclusive-OR gate input -

said second set haviD, an Ulput coupled to an
coupled to said Quadrature·Phase channel PN output of a respeCtive one of said pilot channel
lenerator output; second pin control element and said user chan-

(c) pilot channel first and second finite impulse nelsecond lain control elements;
response (FIR) filters each having an input and 2S (b) first summer and second summers each havillsa
an output. said pilot channel first FIR filter input plurality of inputs and an outpUt. each one ofsaid
coupled to said pilot channel first exclusive-OR first summer iDputs coupled to an output of a
pte output and said pilot channel second FIR respective 01A. converter of said first set of
filter Input coupled to said pilot channel second 01A. conveners and said second summer inputs
exclusive.QR pte output: and 30 coupled to an output of a respective 01A con-

ed) pilot channel first and second gain control ele· verter of said second set of 01A conveners;
ments each uvin,a pair of inputs and an output. (c) rant and second misers each haviD, a pair of
one input of each of said pilot channel first and iDputs and an outpUt. one input ofsaid first mixer
second pin control elements receiving a respec· coupled to· said first sununer output, another
tive one of a plurality of pin control signals. 3S input of said rant mixer receivin, a first local
another input of said pilot channel gain first con- OICiJlator sipal, one input of said IeCOftd miaer
trol element coupled to said pilot channel first coupled to said second summer output, and an-
FIR mter output. and another input of said pilot other input of said seconcI mixer reccivin. a
channel second lain control element coupled to seconcI local OICiIJator sipal;
said pilot channel second FIR filter output; 40 (d) a third summer bavinl a pair of iDputs and an

a plurality of user channel sipal .enerators each output, one iDput of said third swmner coupled
comPnsinl: to said first mixer output and another iDput of
ca> auser c:hannel Walsh function ,enerator having said third SUJlllDef coupled to said second miler

an input and an output. each user channel Walsh output;
function generator input receiving a function 45 (e) I third miser baYinI a JNbr or inputs and an
select signal: output, ODe iDput of said third miser coupled to

(b> a user channel first exclusive.QR gate having a said third summer output and another input of
pair of inputs and an output, one input of said said third miser for reccivin, an RF c:arrier sil-
Iller channel first excIusive-OR ,ate for receiv. aa1;
iDS a respecti.ve input diaital user information SO (I) a band..- Nter bavilla an iDput and an output,
sipal and another iDput of said user channel first said Nad... IDler input coupled to said third
exclusiw.QRpce coupled to said user channel miser output; aDd
Waisb fUDCUoD paeracor output; (J) a van.ble pia RF amplifier havilll a pair of

(c) .... c:lwulel1ICODd and third exclusive.QR iDpu1aaaduoutpat,oneiDpatof'IIidRFUDpli-
galeS ach bavinla pair of inputs and an output, 55 tier coupled to ... bIndJ-. filter output, &D-

one input ofach of'said UIer chalmel second and OIlIer iDpul ofsaid RF uapUfter for receivill, an
third ucJUlive-OR p&es coupled to said user RF poMtpia CDltrOJ IipIl aDd u.id RF UDpli.
c:banaeI rant eadusive-OR pie output, another fier oatpUI for coapIiD, to ........ system.
input of said user c1IIanel second exc:lusive.QR X. The an- of' CWm 25 wberein said
pie input coupled to said In-Phase channel PN 60 la-Pbale cbuaeI PH from a first,aerator output, and anotha' iDput of said Iller polynomial faDctioD aD ID-Pbale PH lipal and said
c:haaaeI third exclusive OR pee iDput coupled to QuIdraaIN-..... cIIuDel PM JIDeraIor pneraleS a
said Quldrature-Phase cbanneJ PN senerator QuldraalN-PbaIe cbaaneI PN Ii'" of a second and
output; ditl'erent polynomial. fUDClioD.

(d) user chanDel rant and second FIR mten each 6S 25. The tra.."mnioD system ofclaim X wbereiD said
having an input and an outpUt. said user c:hannel pilot chuDeI Walsh faacIioa pnruor ........ a pilot
fint FIR mtet input coupled to said user channel channel Wa1Ib fUlClioa IipaJ represeatative ofa prede-
second exclusive-OR ,ate output and said user termined Wa1Ib fuDc:IioD, and each of said uter clwmel
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respectively received function select signal. a respective pair or inputs and an OUlput. one Input of said sync
User channel Walsh function sipaJ representarlve of a channel first exchlsiveoOR .atefor receiving an
different W~$h function with respect to one another input diptal 'Sync chumel information si.nal bear.
and said pilor channel Walsh funcrion. S ing system information. and anorher input of said

%6. The tranSlllission s)'Stem of claim %5 wherein each sync channel fim exclusive-OR. pte coupled to
user channel funher comprises: saad sync channel Walsh function ,enerator output;

a con"olutlonal encoder havin8 an input and an out· (c) sync channel second and rhird Hclusive-OR gates
put. said convolutional encoder input receiving each having a pair of inputs UId all output. one
said resPKlive input dilital user information signal; 10 input of each of said sync channel second and third

a convolutional interleaver having an input and an esclusive-OR pres coupled to said sync channel
output. said convolutiollaJ unerleaver input cou· rust esclusiYe-OR. pte output. uaother input of
pled to said convolutional enCOder output; said sync chdnel second exclUlive..()R gate input

a user cbauel PN.eneralor having an output and led said [ DL~__.. 1

capable of .eneritiD,' user channel PN signal of a 1S coup 10 0-..-_ .......... PN generator
user specific PN·.~e; OUcplal, and another input of said sync channel

a user channel fourth. ellclusiveoOR. gale having a pair third elclusive-OR pte inPUI coupled to said
of inpuCi &Qd an Output. one input of said user chan. Qudratufe.Pbue chaDnel PN aenerator output;
nel foul1b eschasive'()ll gate coupled to said user (d) sync channel fim aad seconcl FIR. mters each
channel PN.senerator output, aaother input of said 20 havill, an input lad an output. said sync channel
user channel fourth esclusive.QR pte coupled to fJrSt FIR. filter input coupled to said sync channel

second ellclusive.()R. pte output and said sync
said convoJutional interleaver output. and said user han
cbannelJourth FJl,Clusive-OR pte output coupled c nel seconcl FIR RIter input coupled to said
to said one input of said user Channel first exclu' sync channel third excldlive.()R .ate output: and
sive-OR. iate. 2S (e) sync channel fJrSt aad second gain control ele-

%7. The cr&nsmissiC)1) system of claim %3 wheretn said mems each havin, a pair of inputs aad an output.
pilot ctia1lnel Walsh funCtion ,enerator aenerates a pilot one input of each of said sync cbunel first and
channelW~ functiolllilnal representative of a prede- seconcl pin control elements receiWlI a respective
termilled Walsb fUDctton; and each of said user channel one of said plurality orpin contrdl sipals. another
Walsh. function pn.,.,ors pnerate. in response to a 30 input of said sync channel fJrst pin control element
respectively fI;Cejved function select signal. a respective coupled to said sync channel fim FIR filter output.
user cbannel Walsh function sipal representative of a another input of said sync channel second gain
different Walsh function with respect to one another control element coultled to said sync channel sec·
and said pilot channel Walsh function. ond FIR. filter outpUt, and wherein said sync chan-

28. The transmission system ofclaim %3 wherein each 3S nel first FIll filter output is coupled to an input of
user channel further comprises: I correspondina O/A converter oruid first set and

a convolutional encoder havinl an input and an out- said second sync: channel FIR. filter OUtput coupled
put. said convolutional encQder input receiving to a correspondin, D/A converter of said second
said r~rive input dilitaJ user information signal; set.
ancI 40 31. The transmission syslem of claim 30 further com·

a convolutional interleaver having an input and an pfisinl a paging channel signal leneratOf. said paging
OUtput. said convolutional interleaver input cou. channel sipallenerator comprising:
pied to saad convolutional encoder output and said (a) a palin, channel Walsh function pnerator having
convolutional interleaver output coupled to said an output;
aneinput of said first user channel ellclusive.()R 4S (b) a paPI channel first exclusive-Ok pte having a
pte. pair of inputs and aD outltUl. one iJlpUl of said pag·

19. The transmission s)'Stem ofclaim %I wherein each ina cbannel ftrst escIusive.<JR pte for receiving an
user~l fl,Jfther comprises: input dilitaJ palin, chInDeJ inMmalion signa!

a user..~el PN Jener&tor having an output and barin, inteDded recipient user COlDIDunication
capable of ,eneratill. a user channel PN signa! af a SO request iDfol"lllaliOn, lDdanothet iaput of said pag·
user specUac PN code; in. cbaDael first escluliYe-Oll ....coupled to said

a ~f dlaaad fourth escJusive-OR. gate disposed palin. c....... W.....~..,..oroutput;
~ .• said convolutional interleaver and said (c) clwuad sec:oad ad third ..... esclusive-OR
_ ~ fint aclusive-OR late. said user ... ftICh UWlI a pm or ""aad aD output,
.~ fourth exclusive-Oll pte having a pair of S5 oat mput or e.ch Ofllid ...... CillaaDeI second
"'CI-.d Ul output, one input ofsaid user channel IItd third .uaive-OR. pres~ to said pag.
~~ve.QJt pac coupled to said user ina cJtaaae1._ uctusive-Olt ......put. another
cll....U~N.......JOr output, IIIotbcr input of said iapta or Slid JMIiD. c:baDDel tei:oad escIusivc-OR.
..., chaancJ fourth esclusive-OR. pte coupled to ... input coupAed to said m·PIIiIIe chuulel PN
said c:.oavolU,tional mterJeaver output, and said user 60 ..-.or cMpUt, aad aaother iD1* ofsaid paging
c:huuIcl fourth aclusiv..oll pte output coupled cUeMJ third eacJusiw-Oll pte .put coupled to
to said one input of said user channel rU'St exclu· Mid Quldrataare-Pbue c1IaIUIeI PM Jetlerator out·
siw-OR. ,ate. put;

3O.'Ibe Ulasmiaion 1)'SIelD of claim %3 further com· (d) paPI clannel fim aad IeCOlId f1Jl rIlrers each
prisiq IIYllCchuuId sipal paerator. said sync chan- 65 havia,. input and an output, saidpqin, channel
nel sipai JCJ*atOf comprisiDJ: ftm AR. fIl.- input COIlpled to said pqing channel

(a) a sync channel Walsh function generator having second uclusive-OR. pte output aad said paling
an output; channel second FIR fUter input coupled to said
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paling channel third exclusive·OR gate output:
and

(e) paging channel first and second gain control ele·
mentS each having a pair of inputs and an outpUt.
one input of each of said paling channel first and 5
second gain control elements receiving a respective
one of said plurality ofpin control signals. another
input of said pagin. channel first pin control ele·
ment coupled to said pqing c:hamleJ rlrst fiR nIter
OUtpUt. another input of said PIling channel sec. 10
ond gain control element coupled to said paling
channel second fiR filler OUtPUt. and wherein said
paPI channel first FIll nIter OUtput is coupled to
an input of a cOrrespondiq CIA converter of said 15
(lrst set and said second paaing channel fiR filter
output coupled to a c:orrespondial OfA convener
of -.id second set.

32. The tl'lJlllDiuion system of claina 31 wherein said
pilotc~elWallb fUllClioD .enerator lenerlleS a pilot 20
channel Walsh function lipal represntative of a first
predetermined Walsh function. said sync channel Walsh
function generator pnerates a sync channel Walsh
function signal representative of a second predeter.
mined Walsh function. said paling channel Walsh func· 25
tion generator senerates a paling channel Walsh func·
tion signal r.esenwive of a third predetermined
Walsh funclion. and each of said user channel Walsh
function generators pnerate. in response 10 a respec·
tively received function select sipl.a respective user 30
channel Walsh function si.nal representative of a differ·
ent Walsh function with respect to one another and said
first. second and third predetermined Walsh functions.

33. A method for modulallng a digital user informa·
tion signal for transmission 10 an antended recIpient ~~

user. comprising the steps of:
generating a Walsh function signal representative of a

Walsh function selected from a plurality of Walsh
functions:

combining a user information signal and said Walsh 40
function signal. so as to provide a resultant inlerme·
diate modulation signal:

generaung at least one spectrum spreading PN signal:
and

combining said intermediate modulation signal reo 45
spectively wuh each of SlId spectrum spreading
PN signals so as to provide corresponding resultant
OUtpUt modulation signals for transmIssion to an
intended recipient user. 50

34. The method of claim 33 funher comprising the
step of error correction encoding said user Information
signal.

35. The method of cla.im 34 funher comprising the
step of interleaving said error correction encoded user 55
information signal.

36. The method of claim 33 funher comprising the
steps of:

generating a carrier signal;
modulating said first and second output modulation 60

signals upon said carrier signal; and
transmining said modulated carrier signal.
37. The modulator of claim 33 funher comprising the

step of:
generating a scramblin. signal unique to said in· 65

tended recipient user: and
combining said scrambling signal with said user infor·

mation sisnal and said Walsh function signal.

46
31. The modulator of claim 37 wherein satd scram·

blinl signal is of a user PN code sequence unique to said
intended recipient user.

39. In a code division multiple access (COMA) com
munication system. a method for spread spectrum mod
ulation and transaUssioD of a plurality of inpUI disital
user information signals each ineaded for a respective
recipient user. said method comprising the steps of:

lenerating first and second spectrum spreading sig
nals;

lenerating a pilot channel onhogonal function signal
representative of a fint onholonal funcllon se
lected from a set of ortbotonal (unctions:

combining said fint IIKI IIlCOIld spectI'UM spreading
signals with said piloe channel onhoaoMl function
SIgnal so u to (orm fant IIKI MCODd pilot channel
output signals;

receiving in parallel I plurality of user information
sipals each intended for a dift'erent recipient user;

generating for each received Iller information signal a
respective user channel 0fth0I0uI function signal
~epresentative o( I selected one o( laid onhogonal
(unctions of said set of onhopal functions
wherein each Iller channellfte8lll onho.onal func·
tion signal is of a different onhogonal function
with respect to each other user channel onhogonal
(unction signal and laid pilot channel onhogonal
function signal;

combining each user informacion sipal' with a re
spective user channel onhogonaJ function sipal so
as to form I respective resultant user channel or
tholonaJized information lignal;

combininl each~ channel orthofonalized infor
mation signal with said first and second spectrum
spreading signals so as to fonn respective pairs of
first and second user channel output signals:

convening said first and second pilot channel output
signals to analog form;

convening each each pair of first and second user
channel output signals to analog form;

combining said analog first pilot channel output sig
nal and each analog first user channel output signal
so as to fonn a first combined signal:

combining said analog second pilot channel outrut
signal and each analog second user channel output
signal so as to form a second combined signal:

generating (lrst and second carrier signals:
combining said (lrst combined signal with said firse

carrier signal so u to form a (lrst modulated carrier
signal;

combinin. said second combined sipal with said
second carrier sipaJ. so U to form I second modu·
Iated carrier signal;

combining said rlrst IDd second modulated carrier
sipals so u to form a composite modulated carrier
signal; and

transmitting said compolile modulated carrier sipal.
40. The method of claim 39 funber comprising the

stepS of:
receiving in paraUelat leut·one respective alW.liary

channel information signal;
.enerating for each received auiliary channel infor

mation signal an auiJiary channel onho.ODal func
cion signal represeDtative of I selected ODe of said
onhoaonaJ functions of said set ofonholonal func
tions wherein each atWIWy channel onhogODal
function signal is of a dill'erene onhogonaJ function
with respect to each other atWIWy channel or-
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thoJOM1 fuction silnal. each user channel onhog- quence of tiled time frames of data wherein each data
onal function signal and said pilot channel onhogo- frame is comprised of a van.ble number of bits of vari-
na! function silna1: able rate voc:oded voice data.

combininl eacb all&iliary chaueJ information signal 44. The method of claim 43 funber comprising the
with a respective auiliary channel onhogonal S steps of:
function sipal so as to form a respective resultant leneratina. for each frame of each input user informa-
auxiliary channel onholonaJized information sig- tiOD sipal. bits of a cyclic redundanc)' check code
nal; CR.Ce; and

combining each auliliary channel onhogonalized providiq said lenerated CRCC bits in each corre-
information sipal with said tirst and second spec- 10 spoocUD. frame of each inpUt user information
trum spreading silnais so as to form respective silftll.
pairs ofauxiliary channel .lirst and second auliliary 45. The Method of claim 44 funher comprising the
channel output sipal$; and step of i..-rtiDa.· in cenain input user information signal

cooveniq each pair. of tirst _ lCiCond auxiliary data frames. poWer cbntrol bit data.
chaMe1 output sip. to ualog form: 15 46. The IIlethod of claim 41 wherein said rU'St spec-

combinin, each analog tint auiliary channel output trum spredng sipaJis of an 1.Phue pseudorandom
sipal with SIic:l analol tirst pilOt channel output noise (PN) chip code. said second speCtrum spreading
sipal and each analo, tirst user channel output sipaJ is of. Quadtature-PIlae PN chi, code. and said
sipaJ in said fllSt C01DbinecI sipal; In-Phase and Qudmure-PhUe PN chip codes are each

combiniDl eac:iI ana10a second auailiary channel out- 20 generacedf'tom I cHfI'erent polynomial func:cion.
putsipal with said analol second pilot channel 47. The .....od of claim 46 wherein said said pilot
outputsipal and each second Iller channel output channel orthoaonal function sipal is comprised of a
sipl in said second combined signal. Walsh fllftCtion chip sequence of zero·l~chips.

41. The method of claim 40 funher comprising the 48. The method of claim .7 whet_ each user chan-
steps of forward error correction encoding and inter- 25 nel onholODal function sipal comprised of a selected
leavinadata bits of said user information signal. Walsh function chip sequence of zero and one state

42. The method of claim 41 further comprising the chips.
steps oflCfteratin.and combinina an intended reCipient 49. The method of claim 48 wherein each auxiliary
user specific scnmblinl silnal with said encoded and chan.l onholOnal function sipal comprised of a se-
interleaved user information signal. 30 lec:ted Walsh function chip sequence of zero and one

43. The method of claim 41 funher comprising the state chips.
step of providing each user information signal as a se-
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(57) ABSTRACT

A closed loop automatic gain control (AGC) circuit
with high dynamic range capabilities having aD ampli
rIC!' circuit for receiving an input signal. which is IUS·
ceptible to variations in signal power. and a control
signal. The amplifier circuit is responsive to the control
sipal for amplifying the input sipal at a pin level
corresponding to the control sipal so u to provide a
corresponding output signal. A Dleasurement circuit is
coupled to the amplifier means for meuurin.loprith
DUC signal power of the amplirled input sipal and pro
vidinl a corresponding lillear meuuremeat sipal. An
integration circuit is included for reeeivini the meaure·
ment signal. and a reference sipal which corresponds
to a desired signal power of die output sipal. The inte
gration circuit integrates with respect to time the differ
ence between the measurement sipal ud the reference
signal. and generates the control signal which corre
sponds to the result of the integration.
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